MEMORANDUM REPORT MS-1

STUDY OF AN EVOLUTIONARY
INIERIM EARTH ORBIT PROGRAM

Joseph L. Anderson
Larry R. Alton
Roger D. Arno
Jerry M. Deerwester
Larry E. Edsinger
Kenneth F. Sinclair
Edward L. Tindle
Richard D. Wood

(N2SA-TM=-X-69227) STIDY 0OZ AN K73-23245
TYALATIONARY TYTPRTH BARPTH OQRRBRIT DPROGRAN
(Na2spy) 138 n 3¢ $92.75 CSCL 22A

Inclas

G3/7¥yy 17733
april 6, 1971

Approved: F‘ q. M Approved:‘?\x\L

Chief] Space Miscions and Deputy Director, Advanced
chnology Branch Concepts and Missions Division

This paper should be considered as preliminary informagian- .
and should not be referenced in formal documents.,. ' ™

Office of Advanced Research and Technology e



SUMMARY

This report documents a study of a possible interim Earth orbital
manned space flight program that would wmaintain continuous manned flights
between the Skylab I mission and Space Station/Base operation. Although
the Space Shuttle would become operational near the end of these interim
missions, its impact upon this program was mnot evaluated. It considered
an evolutionary, gradual, and step-wise spacecraft systems technology
development from those as used on the Apollos and Skylab I to that required
for the Space Station. The four mission spacecraft were dry workshop
versions of the Saturn IV-B stage, and each would be individually configured,
outfitted and launched by INT-21 vehicles. These spacecraft were evaluated
for crews of three, six and nine men and for mission lifetimes of ocne year.
Twe versions of the Apollo CSM, a three man and a four man crew, were
considered as the logistic vehicle. The Apollo CSM's would be inserted
into orbit by either Titan I1I-M, Saturn I-B, or Solid Rocket Motored
Saturn IV-B iaunch vehicles. Only the SRM Saturn IV-B vehicle can insert

the crew, Apollo CSM and necessary logistics load with one launch.

A scientific plan was nostulated for the program that could be
completed during each spacecraft's mission by the size of crew available.
This scientific program over the four missions could accomplish the equi-
valent of two years of experimental effort on the Space Station. A technical
development plan for the life support and elec.rical power systems was so
defined that first, tle components would be flown as experiments, and then,
they would be integrated into the later spacecraft as operating systems.
The solar cell ela:trical power system of the first mission evolves into a
light weight pane. sy em supplemented by ar operating isotope-Brayton
system on the later missions. The open life support system of the first
mission evolves to a system which recovers both water and oxygen on the
last mission. The data handling, communications, radiation shielding,
micrometeoroid protectin , and orbit keeping systems were determined. The
program costs were estimated and, excluding operational costs, the cost
for each mission would aserage about $2 billion of which one-sixth would
be for development, one-fourth for experiments, and the balance for vehicle

acquisition.



This program as studied appears to be a viable interim alternative
to continue manned Earth orbital flight should some events drastically
change current HASA plans for the Space Shuttle and the Space Station.
However, this program is only one of many alternative plans that should
be similarly evaluated. It should be recognized that because it is an
interim plan, it would use resources in its development that could not be
recovered in the development either of the Space Shuttle or the Space

Station/Base.
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INTRODUCTION

At this writing there are three manned space flight programs currently
under study by NASA, i.e. the Earth Crbital Skylab I, the Space Station/
Space Base, and the Space Shuttle. There are many technology areas and
operational capabilities required for the first Space Station which can
only be acquired by flight experience. The Skylab I program will provide
extensive flight experience; however, this will be limited and it appears
reasonable to examine in detail a possible interim space station program
between Skylab I and the Space Station to obtain even more experience
and longer flight durations than would be available from Skylab I. The
purpose of this report is to give the results of the study of one such
interim space station program which capitalizes upon the investment which

is being made in the development of Skylab I.

This study had a threefold purpose. The first was to delineate
an Earth orbit flight program that adds to the operational and technology
experience of Skylab I and prepares for the initial launch of the Space
Station. The guidelines for such a program are as follows:

1. Develop mission control and flight operational experience
under regular logistic supply flights.

2. Examine the different spacecraft systems for evolutionary
development and in-flight certification.

3. Examine the implications of crew size and logistic flight
requirements.

4, Try to maintain a relatively continuous manned flight
capability.
The second purpose was to develop an experiment program that would
recognize the status of the technology required as well as utilize the
unique characteristics of Earth orbit flight. Such an experiment program

would:
1. Use man's unique capability to perform the experiments.

2. Give prime priority to Earth oriented and Earth beneficial
experimente.

3. Experimentally develop techniques to utilize the unique
environment of Earth orbit for the Space Station program.
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4, Define the limitations of the Earth orbit environment upon the
experimental program.
The third purpose of this study was to evaluate the use¢ 1t Lhe
dry Saturn IV-B stage as an interim Earth orbit spacecraft. S5uch an
evaluation involves:

1. An assessment of the experiments to be performed, the
experiment results, and the scientific accomplishments.

2. An assessment of the technology development gain for the Space
Station program that could result from this plan, and finally,

3. An assessnent of the program costs to permit comparisons
of this nlan for feasibility with other possible plans or program
alternatives,

The interim program which was selected for study involves the use of
four one-year 1:fe, dry SIV-B stations launched approximately 2 1/2 years
apart. An Apollo CSM logistic system using 3 and 4-men versicns of the
command module was selected for lcgistic support. Saturn I-B, Titan III-M
ond a solid rocket SIV-B stage launch vehicles were selected for the
logistic launches. It was recognized that the Space Shutrle would become
available during the latter portion of this studied program; however, it
was felt that its use and impact should be a separate consideration of

this program if it proved to be viable as defined.

FLIGHT PROGRAM

Since *he interim space station program would _apitalize as much
as possible on the use of hardware that has been developed primarily
in the Skylab 1 program, it seems that the large engineering effort
required for the systems and experiments in the Skylab I program should
be utilized and amortized over more similar type missions provided that
significant additional data could be obtained. Also, some minimum time
is required betwezen the end of one flight and the launch of the next to
permit incorporation of the minor lessons learned from previous ilights
into the new vehicle. In this study, it has heen assumed that the develop-
ments and experience resulting from Skylab I are utilized and that the
flights are spaced s that a time cf about 1 1/2 years occurs between the

end of one space st:..on use and the launch of the next vehicle.
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The flight program that was formulated as the basis for this study
is shown in Figure 1. This program had been evolved from exanining
the effects of a constant budgetary funding level of $3.3 billicn upon
the NASA flight programs, and the use of available spacecraft to maintain
manned flight between the Skylab I and the Space Station/Shuttle flights
This program consists of four distinct space stations launched at 2 1/2
year intervals. The first mission is assumed to start about 2 1/2 years
after the Skylab I mission. Each mission requires a station lifetime of
at least one year, and thus all systems must be qualified as reliable for
this time period. Each space station is assumed to be left stored in
space in a reactivable status at the completion of its mission. With the
2 1/2 year interval, a major modification, the need for which may become
apparent on one space station, could be developed and engineered for the
station which would follow the next space station launch. Figure 1 shows
that the Apollo program as now configured has bee: assumed to terminate
after the completion of the Apollo XV flight. Although the Space Shuttle
is shown to start its flights during the flight of the later inter’ .ace
stations, for simplicity it was not considered as a logistic vehi .or
this study.

The first space station would carry a crew of three men continuously
for one year. During this time the crew would grow to six men at the
time of logistic resupply and crew change. The second space station
would have an average crew of six men, zad the third and the fourth stations
would have crews of nine men. As an option to this program, an evaluation
would be made of having four-man logintic craft to support the last two
space stations. Th« sections which follow contain details of the space-

craft used, logistic support intervals and experiment programs.

Spacecraft

The assumption for this interim program that the Apollo program is
terminated after Lunar Flight XV, means that four Saturn V class vehicles
are not utilized sn Apollo flights XVI through XIX; thus these vehicles may
be used as the launch vehicles for the four inte.im space stations. These
space stations would be configured as livable operational spacecraft derived

from the Saturn SIV-B upper stages in the similar manner to that being
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used for Sxylab I. Each space station wculd be a unique craft having
accommodations for a different sized crew ind for a particular experiment

program.

The SIV-B space station would Le launched unmanned and it would be
aanned and logistically supplied by separate lauaches of Apollo command
and service modules (CSM). These would rendezvous with the spacecraft
and keep them manned continuously for the one-year duratices of each
mission. For this study the use of the current three-man version of the
Apollo CSM was used as the basic supply and Earth return vehicle. A four-
man version of the Apollo vehicle also has been considered as an alternative
appruach ir this study, for it has been rather extensiwvely studied, and it
could be made available without extensive :.&x vehicle development. Its
modifications would consist of limited chaceez to its internal arrangements
and to some systems. It has been assumed thav each crew would remain in
orbit an average of 90 days. The space station crew complementc for each
mission are snown in Figure 2. Mission A has a min 'mum crew size of three
men but must house six men during logistic crew chanzes. Mission B has an
average crew size of six men and mission C and D hav2 nine mer. The use
of the four-man Apollo logistic vehicles are considered as alternates for
only Missions C and D. The use of four-man Apollos reduces the number of

logistic spacecraft and launches required by ome—quarter, but it reduces the

crew size by only one.

Three launch vehicles were considered to launch tiie crew and supplies
to the orbiting station. They are each in a different state of technical
development and availability. However, when one considers the large
number of vehicles that are required, this development difference is of
minor importance. The basic launch vehicle considered is the Saturm I-B.
There are some of these available, but to complete this program, it would
be necessary to reactivate its production. The second launch vehicle is the
Tican III-M., This vehicle was essentially operational at the time the Air
Force MOL program was cancelled; however other versions of this vehicle are
currently in production and use. In using this vehicle, the integruiion of
the Apollo CSi4 with this launch vehicle would be its primary development
requirement. The third logistic launch vehicle considered is a new ome.

It would be developed by integrating the 120-inch seven-segment solid rocket
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motors of the Titan III-M with the Saturn IV-B stage. The major develop-
men: fiem for this launch vehicle would ve in the engineering, development,
and operational testing of the integrated solid rocket motor first stage

with the liquid rocket second stage.
Experiment Program

by nature, the experiment plan for this evolutionary space station
program with the limited resources of spacecraft volume and manpower, is
a compromise betweer technological capability and operational practicality.
The evaluations and compromises that were necessary in the generation of
the program were largely the result of subjective judgment. The rationale
behind the experiment program recognized that the presently conceived NASA
manned space flight plan has a significant "time gap" between the end of
occupancy of Skylab I and the first manniag of the Space Station. Skylab I
is a proof type of mission in terms of operational concepts. It will
supply a great desal of valuable information, but it will not be able to
provide definitive answers for the many biomedical, scientific, and operational
questions necessary to the design, and use of the Space Station. The crew
size and capability is limited in terms of staytime (28 or 56 days), astro-
naut autonomy, inflight experiments, and facility maintenance and rcpair
ability. The technology is largely that of the Gemini-Apollo systems and
man's environment will be limited to zero "g". On the other hand, the Space
Station will have advanced life support systems, large crews, variable
gravity, and multi disciplinary experiments which are all advanced technolo-
gies in terms of spaceflight social-scientific knowledge. This study
addresses its experiments to this technology gap and to those manned space
experiments that would enhance the capability and usefulness of the Space
Station if performed earlier.

What are the techmology areas to which this evolutionary experiment
plan should address itself? Perhaps first and foremost are those
involved with man. There is needed information about how man lives,
reacts, and functions in space for periods of at least 90 days. What
are the changes in biological physical and mental states that take place;
how effective is the crew member as an observer, experimenter, engineering

technician, or para-medic; and could automated modes of operation or
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special devices enhance his capability? Another area involves the question
of how to utilize and exploit the unique environment offered by a space-
craft in Earth orbit. There is a need to know what the constraints are
that this enviromnment places upon the experiment or function being
performed, and how man may use his abilities to enhance or reduce the
environmental effects. Another area of investigation is the effect upon
experiments, ‘-perimental procedure, and the role of investigator as a
flight experiment changes from a preprogrammed ground controlled status

to full flight crew control and analysis status. Using the above criteria
selection, the disciplines and experiments as proposed in NASA's document,
"Candidate Experiment Program for Manned Space Statioms", Ref. 1, were
surveyed. This information, was supplemented by the results from North
American Rockwell and McDonnell Douglas Companies' work during their Space
Station studies, Refs. 2 and 3.

The rationale and constraints described above were used to define
an experiment set for each mission. Another necessary factor considered
was the amount of manpower that would be available and t' 1t would be
required to perform each experiment. A feasible experiment workload for
each mission was determined by assuming that 2/ f the crew would be
available for experiment work (the remainder would be concerned with
normal operational and spacecraft maintenance tasks) and that the work
week would consist of six days, each of ten hours duration. Further,
an effectiveness of 75% was assumed, which resulted in a useful work week
per man of 45 hours. The experiment sets that evolved out of this evalua-
tion and synthesizing procedure are shown in Figure 3 for each of the four
missions. Each mission has a major experiment uiscipline emphasis as well
as several compatible minor disciplines. For ease in discussing the four

missions, each will be designated by its primary emphasis as follows:

Miscion A Biotechnology

Mission B Earth Resources and Applications
Mission C Space Exploitation

Mission D As tronomy

Scheduling and sequencing considerations for the various experiments
are heyond the scope of this study and have not bzen examined. If they

had been, in some cases it may have been impossible to perform all
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experiments listed for each mission at the manpower levels specified.
However, it is probable that serious conflicts generally will not occur
because most of the selected experiments permit scheduling flexibility.
It is also expected that the larger crew sizes, greater than three uen,
should permit greater flexibility and scheduling freedom, as well as
requiring a smaller effective percentage of the crew time to maintain the

spacecraft systems.

The aim of each mission and the resulting experiment set selected
is discussed in the order of the missions. The characteristics of each
experiment, namely, weight, power, and supporting requirements imposed
upon the spacecraft are detailed. Some of the operatiomal questions that

each mission experiment program attempts to answer are indicated.

Biotechnology Mission - This mission, as plamned, will continue the

biomedical work started on the Skylab I mission and develop further an
understanding of human factors and life support problems in these longer
duration missions. The experiments selected for this mission and their
supporting requirements are listed in Table 1. These experiments should
help provide an understanding of man's ability to survive and function im
space, since they would measure biomedical and physiological effects on
each crew member of long-term exposure to zero gravity enviromment. An
onboard artificial gravity simulator would be operated to test and evaluate
its effects both upon man's condition and upon the spacecraft systems.
Crew cycle and operational problems would be examined to evaluate the
capability and reliability of the crew to maintain and repair the onboard

systems under continuous zero gravity usage.

Some of the experimental equipment listed in Table 1, like the
Integrated Medical and Behavioral Leboratory Measurement System (IMBLMS)
device, would need to be built into the spacecraft systems. However, many
related experiments mig t be supplied as carry-on items durirg later
logistic supply flights. Many of these experiments would be associated
with human factor and human capability investigations where it may be
desirable to change or to upgrade the experiments. The peak power require-
ments for all experiments is about 3 1/2 kilowatts (KW) with an average
requirement of 2 KW. This experiment electrical load is similar to that
required for Skylab I, More detailed characteristics of each experiment
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for this mission as well as for the other three missions are given in
Appendix A.

Earth Resources and Applications Mission - This mission is concerned

primarily with the test and evaluation of earth resources sensor and data
handling techniques. But in addition, the biomedical work, and the crew
and protective system studies are continued. This mission assumes that
man can perform useful and purposeful functions, and thus man is used

extensively to operate and modify space borne equipment.

The earth survey investigations ocutlined for this mission are of an
experimental rather than an operational nature. The five major discipli-
nary areas that would be studies are: 1) Agriculture/Forestry/Geography,

2) Geology/Minerology, 3) Hydrology/Water Resources, 4) Oceanography, and

5) Meteorology. The sensor sets planned for use in each area are listed -
in Table 2. Since the sensors are mainly being evaluated for their
capability, the crew. members are heavily involved in setting up, calibrating,
analyzing results and modifying the sensors and instruments. Truth sites
will be used extensively to provide data which can be correlated with the
signatures of the sites as measured by the sensors. The crew members will
be involved in onboard data processing, analysis, and interpretation;
operation, maintenance, and modification of complex instruments; and the
capability to respond to unprogrammed events and sighting opportunities.
This mission will continue the strong medical and physiological crew evalua-
tion program and it will stress the analysis of social interactions among

crew members because of the larger crew.

The experiments selected for this mission and the support required
from the spacecraft are listed in Table 3. The maximum data to be
transmitied to Earth from the sensors puts a high shorc-time requirement
upon the communication system; however, on a weekly average basis its
requirement is about one half that necessary for the crew's medical, physical

and mental status data.

Space Exploitation Mission - The prime objective of the third mission

is to evaluate in terms of direct Earth economic benefits the use of the

space environment for materials prccessing and manufacture. The continuing

biomedical effort of the earlier missions will be expanded to include
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Table 2
Sensor Set Summary
Average
Weight Volume Power Data Rate (bps)
Sensor 1b. fe3 watt Science Engin.
1. Metric Camera 360  35.0 504 60(2) 17.6
2. Multispectral Camera 185 10.0 700 48(®) 28.8
3. Multispectral IR Scanner 150 2.7 60 3  x 107 640
4. IR Interferometer Spectrometer 65 .3 25 4 x 103 640
5. IR Atmospheric Sounder 45 .3 85 1.7 x 10* 162
6. IR Spectrometer/Radiometer 65 .0 50 3.8 x 10* 200(®)
7. MW Scanner 76 26.0 25 102 ()
8. Multifrequency MW Radiometer 50 67.0 150 480 16
9. MW Atmospheric Sounder 80 1.4 180 100 0.8
10. Radar Imager 620  53.0 1500 60 640(%)
11. Active-Passive MW Ralic.meter 100 .0 50 3.2 x 103 7.2
12. Visible Wavelength Polarimeter 50 .1 10 160 16
13. UHF Sferics 22 .3 6 260 1
14. Absorption Spectrometer 95 12.0 22 400 0.8
15. Laser Altimeter 371 12.0 636 Zh(b) 8
16. UV Imager/Spectrometer 150 .3 45 8 x 10% 4
17. Radar Altimeter/Scatterometer 75 .0 130 3.2 x 103 12,6
18. Photo-Imaging Camera 145 10.0 129 3.5 x 107 640(¢)
19. Data Collection 11 0.2 8 - -
Discipline Sensor Set
Agriculture/Forest/Geography 1, 2, ¢, 7, 10, 18
Geology/Minerology 1, 2, 3, 6, 8, 10, 15, 16, 17, 18
Hydrology/Water Resources 1, 2, 3, 7, 8, 10, 18
Meteorology 4, 5, 8, 9, 12, 13, 14
Oceanography 1, 6, 8, 17

Notes:

(a)
(b)
(c)

Pounds of film
Per metric camera frame
Estimated
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the rotation of the entire spa.ecraft about an axis between the mission
module and a suitable counterweight such as the Saturn II launch stage.
This arrangement should be sufficient to minimize rotational coriolis
effects and to closely simulate, for evaluative purposes, the artificial

gravity environment as proposed for the Space Base.

The materials processing experiments are selected to establish the
feasibility of processing and manufacturing products which require the
near zero-gravity or extremely clean high vacuum environment of space.
Various metal compositing, thin film, crystal growing, and biological and
chemical compounding tests have been selected to make up this experiment
package. Only methods w' use products have a potential value greater than

that added by the cost of space transportation have been considered.

The experiments for this mission and their supporting requirements
are listed in Table 4. The artificial gravity experiments would be
performed early in the mission so that the Saturn II stage counterweight
could be abandoned as soon as practical, Ref. 4. It should be noted that
the experimental equipment is the same for either an eight-man or a nine-
man mission. The change of crew size is reflected mainly in the logistic
support and data return loads. These large crew sizes will limit the
living and work room each man has at his disposal, and some interesting
results should come out of this mission as to social and human tolerance

levels.

Astronomy Mission - The fourth mission places its major emphasis upon

astronomy, capitalizing upon the experience gained in the solar telescope
experiments of Skylab I. This orbiting manned module would assume the
role of a basic scientific research laboratory. It would also examine

the experimental and operational aspects of attached, tethered, or free
flying experiment modules, for the preferred accommodation for the stellar
and the solar astronomy experiments is the free flying mode  Spacecraft
stability, control, and positioning and the spacecraft outer environment
must all meet demanding standards. Although by this fourth mission a fair
amount of data should have been accumulated regarding human capability in
and reactiou Lo the space environment, the medical and physiological testing
of the crew members would be continued. The IMBLMS would be in its fourth
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revision, and the amount of time required by the examiner and the subject

should be approaching a minimum value to secure the desired data.

The experiments and their supporting requirements are listed in
Table 5. These experiments require a fair amount of electrical energy
which would be reflected in additional capability =nd weight of the
electrical power system. Weight has been included in the stellar and

solar astronomy experiments to account for their moduvle support.

Experiment Orbit Constraints - In reviewing 1 of the experimznts

for the four missions so as to determine their - ‘veirable or odvanta-
geous Earth orbital altitude and inclination, it . .. 4pparent thac most
of the experiments placed few nperational constraints on the spac:craft.
These few conditions are summarized in Table 6. Except for the Earth
Resources and Application Mission, it is apparent that some other mission
or system requirements will be the determiners to establish orbits. This
mission should overfly the most populace and agriculturally productive

areas of the Earth, and so its inclination should be %0 degrees.

Scientific Accomplishments - One other evsluation was made of this

experiment program. That is, what impact w1ll this program have upon the
program suggested for the Space Station? Figure 4 shows the accumulated
rate of accomplishment of experimenis for each of che four missions in

terms of man-hours expended upon each of the experiments. These accomnlich-
ments are compared with the expected rate possible on the Space Staticm.

As can be seen, the four evolutionary space station missions accompiish
more than two Space Station years' equivalent experiments. There is a

more important item that cannot be measured analytically, and that is the
flight experience, technology and operational development, and the human
competence that would be gained througu this interim program. If this
program were corplzted, it would enable the Space Station to start its
effective experimental usefulness almost at initial manning, for mwost of

the human and operational uncertainties of long duration spaceflight would
have been removed by the results of these four earlier interim sy .ce station
flights.

SPACECRAFT SYSTEMS

If as much as possible of previously developed zud operatiocnally
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Experiment Ortital Comstraints

Mission

Biotechnology

Earth Resources and
Technology

S .ce Exploitation

Astronomy
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Table 6

Altitude

Not Critical

< 250 Nautical Miles

> 200 Nautical Miles

2 200 Nautical Miles

Inclination
Not Critical
Minimum Useful: 25°
Preferred: 45°
Selected: 50°

Not Critical

Not Critical
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Table 7
Dry Saturn IV-B Stage Characteristics
Structure

Saturn IV stage, 22 feet diameter, 10,800 cu. ft. vol.
Meteoroid shield deployable
Solar array attachment and deployment mechanism
Internal insulation
IVA and EVA attachments and hana holds
Living and laboratory compartments

Removal of all J-2 engine hardware

Use of unused oxygen propulsion tank for
waste disposal and storage

Crew Systems

Cczpartment for each crew member, includes personal effects
and sleep station

Pressure suits for EVA and IVA
Non~pressurized garments

Wardroom to permit astronaut recreation, relaxation,
conditioning, and eating

Compartment for crew medical monitoring
Astronaut mobility and maneuvering aids
Freeze-dried, frozen and fresh food stored

Waste management contains fecal and urine collection and
oral and body cleansing facilities and collections

Environmental Control
Supplies for 3 months of op~ration plus 1 month emergency supply
Two gas atmosphere at 5 p.s.i.a. total pressure
Oxygen partial pressure minimum of 3.7 p.s.i.a.
Nitrogen partial pressure of 1.3 p.s.1i.a.
Relative humidity of 50% nominai

Carbon dioxide and contaminant control by means of regenerable
molecular sieves and activated charcoal filters

Temperature maintained at 70° F

Water supply stored for cousumption and cleanliness with hot
and cold available
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Table 7, continued
Dry Saturn IV-B Stage Characteristics
Electrical Power
Solar cell array generated power
Transfer of power to or from other modules
Rechargeable Nickel Cadmium bat:eries
Two wire distvibution of D.C. power

A.C. Inverters at equipment needing altermatir~ ~urrent
power

Communications
Two-way voice via MSF Network
Two-way television via MSF Network

Transmit television, real and delayed-time data, subsystem
status, biomedical monitoring and experiment support in
down-1ink

Teleprinter up and down 1°ak
Television intercommunications between comp-nents and modules
Antennas with or without CSM docked

Attitude Control
Two module thrusters with outputs from 10 to 100 pounds
Three control moment gyros — one for each axis
CMG desaturation by the thruster modules
Thruster fuel is bi-propellant
Two digital computers and two analog pointing assemblies
Control commands from ground or AM
Sun and hc:izon sensors

Inertial stable platform and signal generator
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of this unit. The characteristics of the airlock module are given in
Table 8. The multiple docking adapter furmishes the interface with the
Apollo logistie CSM. having docking ports to which they dock. The in-orbit
support for the logistic craft during storage is supplied from the orbiting
spacecraft through this component. Table 9 lists the characteristics of
this module. The Skylab I documents, Refs. 6, 7, 8 and 9, give more

detailed specifications for these components.

Other Saturn and Skylab originated components that would be used
for launch operations are the instrument unit (IU) and payload shroua. The
instrument unit furnishes the guidance and operational control for the
lauwnch vehicle and spacecraft from liftoff through orbit insertion and until
manned. Its functional characteristics are given in Table 10. The payload
shroud or nose cone would be the same as that used to protect the Skylab
MDA and AM components during launch, and it would protect similar
components on the interim stations. The shroud can be jettisoned either

at propulsion staging or after orbit imsertion.
Electrical Power

This section discusses the rationale of power system selection for the
four intevim space stations and a possible power system evolutionary
development to satisfy the needs of this program as well as those of the
larger Space Stations and Space Bases. The factors which were considered
in the selection of the power systems are:; power requirements, operating
environment and performance requirements, power system availability and

performance, and special factors which may influence system selection.

Power Requirements - The estimate of the range of power requirements

for each of the interim space station missions is given in Figure 6. The
top of the circle indicates the approximate peak power demand, and the
bottom indicates about the minimum needed to sustain crew and spacecraft
systems. Current plans for Skylab I place its average total requirements

at about 6 kilowatts to suppurt all systems. In Appendix B details are
given of the Skylab I power requirements, and the estimated power needs

for several studied Farth orbital spacecraft. The range of electrical power
requirement for each of the interim space station missions was constructed

by using this Skylab I data and adding to it the needs of greater crew size
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Table §
Airlock Module

Structure
Transition between workshop and multiple docking adapter
Pressure tight airlock compartment

Support for environment gas Storage

Environmental Control
Control tempersture and humidity
Mount for heat -ejection radiator for spacecraft
Regulate 0, for EVA or IVA
Control atmosphere to 5 p.s.i.a. total pressure
Control oxygen at 3.7 p.s.i.a.
Control nitrogen at 1.3 p.s.i.a.

Carbon dioxide and contaminant control by means of
regenerable molecular sieves and activated charccal filters

Operation independent from ofther spacecraft modules

Electrical Power
Distribution center for spacecraft
All power conditioning units
Back-up batteries

Crew Provisions
Connections for IVA or EVA support umbilicals

Visual and audible display for spacecraft systems and safety

Communications
Interconnection for voice with other spacecraft modules
Outlet for monitoring television
Spacecraft systems monitoring to MSF network
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Table 9
Multiple Docking Adapter
Structure
Ports for docking of logistic vehicles -~ Apollo
Pressurized to standard workshop conditions

Viewing ports

Environmental Controls
Temperature and humidity control by heat exchange
Coolant lines for experiment support

Atmosphere circulated from airlock module

Flectrical Power
Supplied from airlock module distribution system

Interconnection to docked wvehicles

Attitude Control
Primary control and display for thruster system

Back-up control of spacecraft

Data Management

Pick-up for television monitor

Table 10
Instrument Unit
Structure

Interface and support between dry workshop and shroud

Control System

Sequences flight functions including placing spacecraft
into orbit

Command link between spacecraft and ground during early
flight phases

Gives guidance, navigation and attitude functions to
spacecraft

Electrical Power

Non-rechargeable batteries
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support, changes in technology sophistication of systems, such as the

life support system, and unique needs imposed by the experiment program.
q

Power System Selection -~ Those systems which have the potential for

satisfying the interim space station power requirements are solar cells,
fuel cells, Isotope Brayton, reactor Braytom, reactor thermoelectric,

and reactor mercury Rankine. Each of these six power system types could
satisfy the interim space station requirements. Only solar cells and fuel
cells are technologically ready at the present, and it would be at least
1975 before the others are available. The first interim station power
system should not be expected to deviate greatly technically or physically
from the Skylab I spacecraft which is shown in Figure 7. If power require-
ments increase, solar arrays can be added in several different ways such as
is shown in Figure 8. As can be seen, there should te no problem in
accommodating solar arrays which would supply up to 20 KWe for any of the
interim space stations. Solar arrays will therefore be the main source of

power for each of che interim space stations.

1f reactor or isotope systems are to be usczd to fulfill future space
station power requirements, and such plans are indicated, it is logical to
assume that the interim stations would be used to test such systems. These
advanced systems would probably be launched separately as self contained
modules and .jocked to the already orbiting space station. There are several
reasons for the separate launch: 1) emergency abort proczdures which ensure
safety from nuclear effects are made simpler; 2) one launch configuration
could be used for several space station configurations; and 3) the reactor
systems are so heavy (between 30 and 130 thousand pounds) that it would
require almost the full launch capability of a Saturn V derivative to launch
it integrally with the mission station. The Titan class of launch vehicles
might be capable of putting one of the early isotope systems into orbit.
For nuclear systems with weights greater than about 20-30 thousand pounds,
a larger launch vehicle such as the Intermediate 21 may have to be used
to launch the system. Two ways in which suitable nuclear power modules may
be configured with the space station are shown in Figure 9. In each module,
the power conversion and radiator systems are located between the space
station and the nuclear energy source and these supplement the shielding

by adding some separation distance.
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SEVERAL SOLAR CELL SYSTEM CONFIGURATIONS
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Indications are that solar cells will continue to be used to satisfy
the bulk cf the spacecraft power requirements through the 1970's and even
beyond. As power requiremenis grow from the 5-20 kilowatt level for the
interim space stations to the 25-100 kilowatt level for the Space Staticn
and Space Base, power system tradeoffs or usages between solar cells,
isotove, or nuclear systems will depend upon the rate of techni~z" dJevelop-
ment, actual power requirements, safeily, and spacecraft configuration. The
characteristics of the primary srlar cell systems for each mission are given
in Table 11. The solar cells are supplemented during orbital blackout and
peak demands by nickel-cadrium batteries which can ~oustitute up to half
the total system weight indicated depending upon the orbit characteristics
and the peuk power requirements. The solar cell system total weight is
shown to be the same for each mission. This result is due to expected
advances in the technical development cf solar c-<lls and batteries during
the tice period for these missirns. The isotope gystem is selected for
the secondary power source, for it i1s most appropriate in terms of power
level and expected technology development and clso because it is the ty

which is being given most seriocus striv 7 e Space Star‘on application.

Life Support System

The life support and protective system of the interim space stations
uses as much of the Skylab developed hurdware .s might be approriate.
dowever, with four missions and an increasing numbcr of crew members on
board each subsequent spacecraft, it is necessary tov augment these
components and desirable to reclaim some of the waste products. A part of
the experiment program of ¢ach mission are some tests which examine the
operation of onboard systems and some which test non-space proved methods
of crew support. In the earliest missions thero experiments would consider
first the methods for water recovery, then in later flights, oxygen recovery,
and eventuslly the trial use of these recovery methods in flight type
systems. This section will detail the charzcteristics of the life support
systems on each of the mission spacecraft, and will discuss the serial

technology developmert ard changes in these systems between subsequent
missions.

Table 12 shows the components that comprise each life support system,
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Table 11
Interim Space Station Power System Characteristics
Average Secondary |
Concinuous Primary Secondary OR Test
Power Primary System OR Test System
Required System Weight System Weight
Mission (KWe) (Power) (1b) (Power) (1b)
solar cells
Skylab I 6 (/7 KWe) 15,000 - -
Space Station solar cells
A 6-10 (6-10 Kwe) 15,000 - -
Space Station solar cells
B 7-15 (7~15 KWe) 15,000 - -
Space Station solar cells Isotope
c 8-20 (7-15 KWe) 15,000 Brayton 10,000
(6 Kwe)
Space Station solar cells Isotope
D 8-20 (7-15 KWe) 15,000 Brayton 13,000
(10-15 KdWe)
Table 12

Life Support System Components

Two-gas Atmosphere Control
Thermal Control

Humidity Control

Carbon Dioxide Removal

Hot and Cold Water Management
Food Storage and Preparation
Contaminant Control

Waste Management

Recreation and Sleeping Facilities
Compartmentalization
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In this study not all of the components were considered in the same

detail. Each component was evaluated by parametric analysis so that at
least its effects upon system and spacecraft weight could be determined.
The two areas of the life support system that effect the weight of the
spacecraft and its logistic supply requirements the most are the atmosphere
control and the water supply system. These system areas were studied in

more depth and the results will be discussed in some detail.

Atmosphere Control - The atmosphere for each of the interim space

stations will be the same. They will have a design pressure of 5 pounds
per square inch absolute (psia). The primary gas will be oxygen and it
will be maintained a. the necessary human level of 3.7 psia. The diluent
gas will be nitrogen. Each one of the large number of necessary ports,
throughputs and windows in the spacecraft are potential sources for gas
leakage. Table 13 gives the assumed leakage of atmosphere gases from eacn
spacecraft component, and these are the criteria for each of the interim
space stations. The component leakage rates are the same as have been
assumed for Skylab I. Based on this criteria, Table 14 gives the gas needs
and defines the storage requirements. The leak.ge of the cabin atmosphere
to space is a major item, and as such, it places a constraint upon the
selection of cabin atmosphere pressure. For example, if the cubin atmo-
sphere were increased from 5 psia to that normal for Earth, it would increase
the leakage rate by a factor of three. The atmosphere gas resupply load is
one of the major logistic items, and there is not a good biomedical reasom
to make the logistic load even greater. There are, however, several
operational reasons which make the assumed design cabin pressure of 5 psia
more desirable. One, is the desire to minimize the quantity of resupply
gas which must be transferred between the logistic vehicle and the interim
space station. Another ieason is the desire to have the space suit and the
cabin pressures about equal so as to alleviate the hazards of decompression
sickness if accidental decompression should occur. It would be expected
that technological and manufacturing improvements could reduce the rate of
gas leakage, but in this study no assessment will be made for the effects

of such expected lower leakage rates.

Because it is not easy to transfer or handle the resupply gases,

any method which can more easily supply these gases would be attractive.
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Table 13
Daily Atmospheric Gas Leakage Rates

Leakage (14 1b/day Total, 10.712 1b/day 0,, 3.288 1b/day N,

CSM 2.4 1b/day total
CSM/MDA Interface 1.2 1b/day total
One MDA Docking Port 0.2 1b/day total
MDA 1.8 1b/day total
AM/MDA Interface 0.6 1lb/day total
AM 2.8 1b/day total
ows 5.0 1b/day teotal

Molecular Sieve (3.3 1b/day Total, 1.42 1b/day 0,,
1.88 1b/day Nj)

EVA Lock Repressurization (154 Cu Ft at 50° F with 7
Repressurization Cycles Each Week)

EVA 0, (9.0 1b/man hour)

Leakage from 0, and N, Supply Tanks and System Negligible

Table 14
Gaseous Oxygen and Nitrogen Requirements

Oxygen
Metabolic 2 pounds per man-day
Leakage (all) 10.75 pounds per day
Molecular Sieve 1.4 pounds per day
AM & MDA Repressure 40 pounds/each*
OWS Repressure 300 pounds/each*
EVA Airlock 1 pound/each use
EVA 9 pounds /man hour
Emergency & Contingency 107 total

Nitrogen
Leakage (all) 3.35 pounds per day
Molecular Sieve 1.9 pounds per day
AM & MDA Repressure 12 pounds/each*
ows 95 pounds/each*
EVA Airlock .35 pound/each
Contingency 102 total

Note: * One repressurization each 90 days
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One method is co supply oxygen in its combined form as water. Water can
be easily containerized, and the spacecraft would require only a water
electrolysis unit to free the oxygen. Figure 10 shows the total oxygen
requirement for the four basic missions and for the missions with the
optional crew size. The weight shown is fur the gaseous oxygen and its
tankage, Ref. 10. For safety and emergency requirements, a 120-day

supply of gaseous oxygen should be the minimum amount on the spacecraft at
launch. This supply, in terms of space station weight at launch, is between
15,000 pounds for Mission A and 21,000 pounds for Mission D. If water is
used as the source for spacecraft oxygen, there would be between a three
and a four-fold saving in just the tankage. Its disadvantages are the
weight and maintenance required of the electrolysis cells, and the added
capacity from the power source to suprly the necessary electricity,

Ref. 11. The implications of only a water electrolysis system for

these missions were not considered and are not shown in Figure 10. Rather,

it should be and is consider.d in conjunction with oxyger recovery.

The current technological development of the oxygen recovery and
water electrolysis methods have just about kept pace with each other. Of
several oxygen recovery methods being developed, the Sabatier umit is the
simplest, and it has had the greatest flight type test experience. Oxygen
recovery and water electrolysis are importantly interrelated functionally
in that the Sabatier unit converts carbon dioxide to water and acetylene,
and the water electrolysis cell separates the water to oxygen and hydrogen.
The hydrogen is recycled to the Sabatier unit as it is required in its
process and the oxygen is recycled to the cabin atmosphere. In the lower
portion of Figure 10, there is shown for the four missions, the fixed equip-
ment weights for the Sabatier carbon dioxide reduction and water electroly-
sis system. The expendable water and container weight for each of the four
missions also are indicated. The net savings for each mission is not a
simple subtraction of the weight below the abscissa from that above, for
no consideration is included for the weigh. required by the electrical power
system to supply the needs of the oxygen recover, system. However, the net
weight savings that might be expected from the recovery of oxygen for these
particular missions could be between 12,000 and 18,000 pounds.

In designating the types of atmosphere control system for each mission,
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it was assumed that the atmosphere system would consist of a stored gas
system for Missions A and B. However, Mission B would have as part of

its experimental payloid an electrolysis unit capable of satisfying the
spacecraft oxygen requirements. During its operation and trials, it

would furnish the needec oxygen and thus it could save gaseous oxygen

and in turn reduce the logistic oxygen loads. Mission C would have

the oxygen supplied by water electrolysis units qualified during Mission
B, and pressurized oxygen zas would be carried only for the cabin
repressurization or emergen:y needs. During Mission C, a Sabatier

carbon dioxide recovery systz2m would be an experimental item, and it

would be flight qualified on this mission. The atmospherc control sysiem
for Mission D would include the Sabatier and the wacer electrolysis units
as a part of its spacecraft system. For Mission D, there would be almost
a 20,000 pound weight saving in its atmosphere control system over that

of an equivalent gas storage system. Lesser savings might be possible

for the earlier mission; however, they are dependent upon the successful
operation of the recovery systems during qualification trials. This
advantage should not be considered in design, but instead should be taken as
an advantage to be realized only during logistic supply of an actual mission.
The weights for the atmosphere contro) systems are summarized later in this
report both in terms of the entire spacecvaft and of its logistic supply

requirements.

Water Management - Both Skylab I and this study have assumed an allow-

ance for water of 15 pounds per crew member per day. Six pounds of this
water would be used by the crewman to reconstitute his food and to drink.
The balance of the daily allowance (9 pounds) would be used for cleansing
and body care. Figure 11 shows that this daily water requirement represents
a total weight for each mission of from 24,000 to 84,000 pounds. It is
possible to recover all of this water; however that which is contained in
the fecal matter is small and it 18 neglected. There is an offsetting
compensation to this neglect. It is planned to supply the Skylab I and
these studied mission crews with a variety of foods from freeze-dried,
through conventionally frozen (TV dinners), and including fresh fruit and
leaf vegetables. The fresh and frozen foods carry a large percentage of

water, and this water would more than compensate for that lost as fecal
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water., A recovery of any portion of the daily water used could represent

real savings in logistic supply loads.

Several water recovery methods have had extensive tests under almost
in-flight conditions. These methods include air evaporation, vapor
diffusion, and reverse osmosis, and probably of these, the most highly
developed is the air evaporation type. This type has the least difficulty
in recovery of either wash, urine, or air condensate water but it does
require frequent wick replacement. Each of the types however, need
actual in-flight tests to better determine which type of used water
each recovers the best. Because of these development needs there would

be water recovery systems as experiments during each mission.

An air evaporative water recovery system would be an experiment on
Mission A, and it is expected that it chould be sufficiently developed
to be a spacecraft system for Mission B. For subsequent missions the
vapor diffusion and reverse osmosis would be serially flight tested, quali-~
fied and installed as spacecraft systems. Each of these walier recovery
techniques have certain desirable characteristics and each should be tested
and developed so as to be available for the Space Station. The net savings
to Mission B, C and D from the recovery of water would be great. If the
condensate, urine and wash water is recovered, the savings would vary fron
about 40,000 pounds for the early mission to 70,000 for Mission D, Figure
11. The effects of these savings upon the water supply system in terms
of the spacecraft and the logistic requirements will be summarized at the

end of this section.

Data Collection and Communications

The data collection and communications systems for the interim space
stations will be primarily extensions of the Skylab and Apollo systems;
however reconfigured to handle the larger crew sizes, more operational
activities and greater e cperiment investigations. In this section, the
methods available to handle the data and communication= are discussed, the
communications requirements are stated, and the critical link performances
are evaluated. Since it is assumed that these spacecraft will utilize the
Manned Spaceflight Network (MSFN) for all communications, the coverage and
capability of the MSFN stations are discussed, and postulated data links
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are evaluated fur adequacy to carry the anticipated data load.

The average data load generated by the experiments and by the
interim space station systems will be on the order of 1011 bits per day.
This data load is approximately an order of magnitude greater than that
expected from the Skylab program and two orders of magnitude greater
than that from Apollo, Refs. 12 and 13. This increase does not require
a commensurate increase in communications equipment complexity and
weight. This additional data transmission will be accomplished as on
the Skylab by means of wideband 'inks to convey primarily the experimcrn-
tal data. The major effect of the increased data load will be felt
in the increased data processing equipment carried by a lab. The
secondary effect will be: the need for increased data recording and

handling capability at che ground stations.

It is expected that the experiment data will have some onboard prelimi-
nary processing, recording or interpretation, The nature of this processing
will vary according to the mix of experiments being performed, and this
procedure might be changed at any iixm? during the experiment's life. The
use of scientifically trained personnel onboard the station permits '"on
the job" experiment and processing modifications and should maximize the
scientific, sociological or economic benefits from these data. It also
permits a screening of the data to sift out that which is relevant and to
minimize the irrelevant data load sent to Earth. It is not anticipated
that this would be a closed process but that, by means of voice and TV
channels, scientific team members on the ground and in space could be
interconnected for near real time experiment control. However, the
data which is received by MSFN would be sent to a central processing
facility, perhaps initially at Goddard, for the usual processing before
it is distributed to the principal scientific investigators.

Link Requirements -~ Communications links are required between the Apollo
CSM crew, the DWS crew and the MSFN as showr in Table 15. These links are
similar to those required for the Skylab Program, but with the additions

indicated. It is proposed to have a teletypewriter in the airlock module,
which sends data by mears of the command link. A backup unit would be
installecd in the DWS as well.
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Table 15
Communications Link Requirements
DWS-CSM DWS-MSFN CSM-MSFN
Two-way voice Two-way voice Two—-way voice
Ranging Ranging/t:acking Ranging/tracking
Housekeeping T/M Housekeeping T/M
* Two-way TV
* High Data Rate Command (Uplink)

Scientific T/M
Teletype (Uplink)
Command (Uplink)

* Additions to Skylab Requirement:

The interim station must have the capabiiity both to send and to
receive television so as to permit detailed cxperiment conferences with
the ground. It is prcposed to locate voth the television camera and the
transmitter aboard the DWS. Although the CSM transmitter is available for
this purpose, and would serve as backup, its regular use entails the
actiration of circuits on the quiescent stored, docked CSM. It is opera-
tionally simpler to have the entire TV system within the space station,
and this permits greater flexibility in the TV system. Provisions will
be made for connection of the television camera in various sections of
the MDA, AM, and DWS as well as the CM and then route signals to the DWS
transmitter. It is intended to have the TV antenna, receiver and display
located in the DWS. This makes the Apollo CSM TV system an entirely
independent but available communications link. The availability ot two-
way television gives the interim stations much more communication system
flexibility and capabiiity than is currently planned on the Skylab. The
addition of high data rate telemetry to the interim station's system will
be discussed in the following se._tion.

Spectrum Restrictions and Channel Capacity - The greater scientific

data load and the need for frequent readout of the scientific data
accumulated during these interim missions cannot be handled by existing
Apollo-Skylab configurations. It is necessary to have some additional
wideband data handling capability links added to the DWS systems.
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The MSF{ radio receivers are continuously tunable over the range of
2200 to 2300 MHz. The interim station teleme:ry is considered to be
confined to this band and the subsequent datx transmission pertormance
will e assessed on this basis. Other bands, such as 1435 to 1535 and
1700 to 1710 MHz could be available if the STADAN facilities were to be
used but these have been assumed to be fully committed to other | ograms.
in addition, laser and/or millimeter wave links could be <mployed as
experiments with the DWS for their assessment as high data rate links.
This interim program would be expected to implement data transmission
experiments employing possible future type links in order to evaluate their
applicability to the space station. However, they have not been considecred
in this study in order to evaluate the Apollo-Skylab system capabilitcy with

currently availabl: or minimaliy modif =d equipment.

The current frequency allocations in the 2200 to 2300 MHz band are
delineated in Table 16, Refs. 14, 15, and 16. It has been .ssumed that
some lunzr programs, manned or unmanned, will be underway during the £light
periods of Skylab and through the interim space stations; so the 2275 to
2285 MHz band has been reserved for these lunar purposes. The Earth
resouices program was assumed to be continuing and that it would employ
the currently stated ERTS frequency assignments. Also indicated in Table
16 is a suggested plan for the interim stations' system band usage. A 10
MHz band centered at 2295 MHz would be available for transmission of
television signals and low data rate telemetry, biomedical data, two-way
voice and emergency channels. This band appears to be more than adequate
when the requirement for two-way television has been considered to mean TV
capability present both in the orbiting lab and on the ground, but not

simultaneous transmission.

The ranging transponder is necessary for the logistic docking
maneuv.rs and requires about 4MHz bandwidth. It can operate at any
frequency in the 2200 to 2300 MHz band. Ranging is only needed for a
few hours through launch, orbital insertion and docking. During this
period, the ranging signal could preempt one high data rate telemetry
channel, for during these crew change procedures, the experiments would
be at a low level of effort, and have a reduced need for transmitting
data.
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« 2300
2290

2290
2285

2285
2279.5

2279.5
2275.5

2275.5
2255.5

2255.5
2233.5

2239.5
2219.5

. 2219.5
2200
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Table 16

MSFN Downlink Spectrum Utailization

10 MHz Interim Space Station TV and Housekeeping
T/™M

ERTS Housekeeping T/M (2287.5 Apollo Command
Module PM Carrier)

Uncommitted (2252.5 Apollo SIV-B PM Carrier)
ALSEP (2277.5 Apollo SIV-B FM Carrier)

ERTS Return Beam Vidicon Data Downlink
(2272.5 Apollo Command Module FM Carrier)

16 MHz Interim Space Station Data Downlink

ERTS Scanner Data Downlink

19.5 Miz Interim Space Station Data Pownlink

* Indicates Interim Space Station Channels
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The foregoing stated commitments leave available for station use
two channels, one centered at 2210 and one at 24£47.5 MHz for the trans-
mission of real time or stored scientific data. To use these bands, it
requires- the addition of two transmitterc and antennas in the DW'. By
use of the 2210 and 2247.5 MHz channels, it is possible to transmit two
data streams of 19.5 and 16 Mbps respectively, in either PCM/PM or PCM/FM.
Current design practice uses a lower ratio of bit rate to bandwidth;
however a ratio of 1l:1 should be technically feasible and in current
practice by 1975, This ratio, with a sufficient $/N ratio, is appropriate
to a bandwidth limited rather than power limited iink. Scheduling of
transmissions should resolve, if there are any, conflicts between the Lumar
ALSEP and the SIV-B stage housekeeping telemetry. The frequency congestion
which could result from concurrent flights of ERTS and Apollo may be
relieved by a shift in the CSM transmitter frequency to the 2290 to 2300

band as previously mentioned.

Data Rate Requirements versus Capability - The adequacy of the

proposed downlink telemetry channels was examined in te-ms of transmitter
power as well as in terms of mission experiment requirements. The televi -
sion and other telemetry requirements are basically the same as that for
Apollo and which already have demonstrated capability considerably beyond
the needs outlined for the interim stations; there is thus no need to

verify their performance margins. Similarly, the upli ks designs, operating
in the 2090 to 2120 MHz band, can be shown to be more than satisfactory.

A detailed examination of the downlink telemetry power budget was
made. The details are presented in Appendix C. These results show that
a transmitter on the order of 12 watts is satisfactory for a wideband
channel and that it would be capable of transmitting approximately 20 mill{ion
bps. If a performance channel of less than 16 million bps were required,
it would need only slightly less r~wer. This transmitter power level is
consistent with some of ‘he Apollo and Saturn IV-B equipment used with
the Apollo lunar program. The two additional transmitters required for
the two wideband data channels increases the interim station power

requirements by less than 200 watts.

The communications system requirements were also examined in terms

of the ground recegrtion equipment and considering only the MSFN 30 foot
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diameter an“ennas af being available. The details of this evaluation

are given in Appendix D. These results showed that the station coverage
cf continental U.S. is satisfactory for orbi:s of 28 1/2° inclinations.
However, for ti.> missions with an orbit of 50°, some supplemental coverage

may be necessacy.

In order to estimate the total data which may be regularly and
periodically returned to Earth, one must evaluate the number of times
the space station nverflies ground stations on a regular basis. If a
direct daily overflight of a single s.te is assumed, we can compute an
upper bour ' for this daily data return canability to Earth. A very
detailed study would be necessary if it were necessary to evaluate the
effects such as experiment schedules, orbic inclination .nd drift and
site masking pattern so as to determine the actual transient data trans-
mission time available and subsequently the recorder capacity required.
On an average basis, the data transmittal capability to Earth should
exceed or at least equal the data that 1s possible to be generated by the
experiments. Figure 12 shows the station deta transmission rate cepability
for cae direct overfly of one ground station each day. ilso shown in this
figure is the average daily data load generated on the spacecraft for
each of the missions. 1t is evident that the proposed links would be
more than satisfactory for the conditions .° one daily overflight.
One direct overflight of a ground station might not be rade each day:
however, the results in Appendix D show that cthe net daily overflights
within range of the ground stations are at least eyual to or greater than
one direct overflight. The ne:iwork linkup of ground stations in the "I
should have data transmission capability at least equal io thet for the

single reception s.t-.

Should the experiment program schedule be revised, the data :oads
coulG increase mavkedly. The proposed channels then might not be adeqnate,
This overinad could be reduced in <everal ways: by increased astronavt
screening of uata pr.or to transmission, increased logistic hard copy or
tape data return, addition of experimental channels useage, or preemption
of other channels such as the ERTS S-band chennel. Since the ERTS satel-
lite occupies a near polar orbit while the ma-.ned sta.ions are a lower

Inclination orbit, the interference between these two spacecraft
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simultaneously using the same ground station should be at a minimum. On
the other hand if an ERTS is not in ordit its channel could be used, and
it does give a margin for growth to the interim space station communica-

tions system.

Radiation and Micrometeoroid Protection

Radiation and micrometeorcid protection are comsidered together for
they are both passive systems and they are each designed to sustain the
crew's safety sgainst a probable event. The probability that either a
solar flare will occur or that the spacecraft will be bombarded by
micrometeoroids are high. These passive systems are thus vital systems

for the interim space stations.

Radiation Environment - How much energetic particulate radiation

each human can stand is not explicitly defined for it is dependent upon
the energy of the particles as well as the tolerance of each individual.
For this study, a dose limit to the blood forming organs of 40 rem
(Roentgen equivalent man) per six month period has been assumed as the
criteria. This is the same criteria as was used for the recent NASA Space
Station/Base studies, Ref. 17. As is often done in shielding requirement
determinations, it has been assumed that the radiation absorbed dose,
designated rad, is equivalent to the biological radiation damage or Roent-
gen equivalent man. The shielding determinations are made upon the
protection required for the human blood forming organs. The body shields
these organs, and this shielding effect is conservatively estimated to be
equivalent co 5 gramstﬁz of aluminum. If only the primary structure and
the micrometeoroid shielding is considered, the effective shielding furnished
by these are estimated to be equivalent to 3 grams/cGm? of aluminum. To be
conservative in the shielding determinations, any shielding effect which
could be grined by selectively locating equipment around the spacecraft's
walls has not been included. These foregoing assumptions and criteria
were the bases used in determining the amount of radiation shielding
required.

The various contributors to the radiation environment for the

interim space stations are shown in figures 13 through 15, Refs. 17, 18,
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and 19. Figure 13 gives the trapped electron dose per year behind a

1 g/cm? aluminum shield as a function of orbit altitude for orbit incli-
nations of 30°, 60° and 90°. Figure 14 presents similar types of data
for trapped protors. Figure 15 preseats the solar proton dose per year,
during a year of average maximum solar activity, in terms of shield
thickness in g/cm? of aluminum and for a 50° inclined orbit. These data
are predicated on a probability of 0.99 of not accumulating more than the
indirect dosages. At orbit inclinations less than about 35°, the Earth's
magnetic field effectively shields the spacecraft from solar protons.
Figures 16 and 17 show the total integrated dose in rad/year as a function
of radiation shield unit weight in g/cm? of aluminum for discrete altitudes
from 150 to 500 n.m. These figures are derived from data which show the
effectiveness of shield thickness against both trapped electroms and
trapped protons, Ref. 18. Figure 16 is for inclinations between 45° and
55°, and figure 17 is for inclinations between 25° and 35°. At inclina-
tions less than about 35°, the radiation shield need only protect against
the trapped radiation; while above this inclination it must protect against
a portion of the solar flare radiation as well. If it is assumed that
each crew member can tolerate only 80 rad/year total dose, the radiation
shielding which must be added to the 4000 square feet of the spacecraft
external surfaces can be readily determined from these figures for cach

mission.

Meteoroid Shielding - For the flight durations of these missions, some

micrometeoroid shielding other than that furnished by the basic spacecraft
structure will be necessavy. Figure 18 snows the specific micrometeoroid
shield requirement as a function of mission duration, based on a probability
of 0,99 that no penetrations of the manned spacecraft will occur, Refs. 20
and 21. The meteoroid shield type is assumed to be two aluminum sheets
separated by a polyurethane foam energy absorber. The inner sheet is the
primary spacecraft structure. Thus the meteoroid shield weight consists

of that contributed by the outer aluminum sheet and by the polyurethane
foam.

The various portions of the interim space station which would require
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protection and the surface area to be protected are as follows:

Multiple Docking Adapter (MDA) 803 T2

Airlock Module from MDA to fixed SLA shroud 1207

Cylindrical portions of Workshop 1520
Total Area 3520 Tt2

The storage tanks mounted at the lower end of the workshop are considered
to be heavy enough to furnish their own meteoroid protection as well as

to furnish protection for this end of the spacecraft. The fixed SLA shroud
and enclosed tanks give some of the needed protection for the airlock
module. Figure 19 shows the tctial meteoroid shield weight required for

the interim station as a function of mission duration. For a one year
mission, this shield weight is over 6000 pounds. When this is added to

the weight of the spacecraft primary structure, it gives an average total
wall density of about 3 grams/cm?.

If the mission durations should be extended beyond their designed
duration, figure 20 shows the effect for the added duration upon the
probability of meteoroid puncture. The three curves shown are for the four
Missions A through D with design durations of 360, 390, and 420 days
respectively. Extending the use of the Mission A spacecraft for six
months would increase its probability of meteoroid puncture by one-half
percent. The possibility of space station meteoroid puncture woull need be
given consideration in any planning for post program use of spacecraft

by reactivation.

In determining the amount of materials required for both the micro-
meteoroid and the radiation shields, careful consideration was made for

the contribution that the former could make on the latter's needs.

Orbit Maintenance

Tne atmosphere is sufficient, even at altitudes greater than 200
nautical miles, to cause the space station's orbit to decay appreciably.
The atmospheric drag is greatest upon the sail like solar cell arrays.
In order to maintain a desired orbit altitude, a drag makeup system is
required and it is included as one of the station systems. This system

consists of thrusters, plumbing, controls and the fuel and its tankage.
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The analysis to determine the drag of tt *:~ here upon the space
station was performed in two parts: that tor the space station alone,
and that for the solar arrays alone. This was dore in order to see the
effect of the types of and powar system sizes chosen ou the drag makeup
system required. Experience has shown this to be acceptible, for the
arrays are usvally separated as on booms from the snzcecraft proper. The
solar panel analysis depended heavily upon the results reported in Ref. 22,
This report shows that when both the electrical power system (including
arrays, batteries and controls) and the drag makeup system (fuel, tankage
and thrustors) are considered, and for altit.des greater thm 1S5 nautical
miles, then their combined specific wveight is lower for rrays which are
sun-oriented than for arrays which are orbpit—oriented. Since none of the
missions considered ia this study were anticipated tc require altitudes less
than 190 nautical miles, the analysis which foilows consil:-red only sun-
oriented airays. Sun-uriented arrays mean that the array. ire kept perpen-
dicular te the sun at all times. Figure 21 which is from Ref. 22, and it
is for the solar arrays only, shows the specific weight fur the drag makeup
system (fuel, tanks, and thrustors) as a function of orbit altitude. The
values shown in this figure are for a one-year mission and for a drag

makeup fuel having an qu of 320 seconds.

The effect of atmospheric drag upon the space station is determined
in a different manner. In order to calculate the drag makeup fuel weight,
it 1s necessary to know the station's effective m/CDA as well as the fuel
and orbit characteristics. The “ollowing station parameters were used in
this determination:

m = 7000 slugs

A = 380 Fi?

CD = 2

1 = 320 seconds
8sp

Mission ~ 1 year duration

And the space station includes the workshop, MDA, AM, and c.he docked
Apollo CSM. From these assumptions, it can be shown analytically (the
detailed analysis .s given in Appendix E at the end of this report) that
*he velocity impulse required per orbit for drag makeup is:
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<

AV =

v)ln
.

r[%

where
Vc is circular velocity at the initial altitude
4F is change in orbit period due to the drag
P is period of the initial orbit.

The dimensionless quantity AP/P has been determined for a range of altitudes
and for given values of m/CDA in Refs. 23 and 24. Using these data, the
drag makeup fuel required for each orbit of the space station is then:

m (1 - e—Av/goIsp)

£ = "rotal
If the space station drag fuel requirement for ome year is integrated with
the drag makeup system and fuel for the solar arrays from Figure 21, then
figure 22 recults. This shows the drag makeup system weight for the entire
space station at six discrete power levels from 1 to 25 kw for a range of
orbital altitudes. Also shown as the lowest curve is the drag makeup
system weight for the space scation oriented end-on to the flow and with-

out solar arrays. (Power = 0)

As was discussed in the previous section in Figures 16 and 17, the
radiation shielding requiremenis increase with increases in orbit
inclinations and altitudes. There is an interesting tradeoff which may
be made when the shielding weight requirements are comtined with the drag
makeup system whose weight decreases with altitude. The altitude, for a
given inclination, at which the sum of these two systems is a minimum
should be of interest. Figures 23, 24 and 25 show these combined systems
weights as a function of orbit altitude and for the power levels corres-
ponding to those for missiu..s A througl. D. The drag makeup system weight,
depending on the orientaticn of the solar ceil panels, decreases nearly
exponentially with altitude up to the alti:tude at which the spacecraft
structure, meteoroi. shield, and the human body can furnish the radiation
shielding necess~.v t r the huma~ body blood-forming orgaas. This e
the knee ot the curves shown. Above this altitude, additional radiation
shielding is required. The figure shows a minimum weight at an altitude
of interest for these missions. For a space station inclination of 28.5
degrees, tue orbit altitude of 245 n.m. has the minimum weight; and at
50 degrees inclination, .he optimum altitude is 195 n.m. If these resul.s
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were to be used to define the orbital characteristics, then the four
missions' orbits would be as follows:

Inclination Altitude
Mission Degrees nautical miles
A 28 1/2 245
B 50 195
c 28 1/2 245
D 28 1/2 245

Also of interest in addition to maintaining the space station in
its desired altitude, is the rate at which each mission spacecrafts'
orbit would decay after the conclusion of their missions. Figure 26
shows the orbit decay histories for each of the above mission orbits.
For these curves, it was assumed that the array orientation was maintained
and that the spacecraft was kept end-on to the direction of travel after
the drag makeup system had been shut down. It can be seen that the orbits
of missions A, C and D decay very slowly and nearly independently of which
of the two array orientations is maintained. In fact at the altitude of
245 pn.m., these spacecraft could be left for at least 18 months before
there would be orbit decay sufficient to indicate imminent atmospheric
reentry of the station. This should give mission planners some leeway

in deciding on future spacecraft reuse.

It is also apparent fiom figure 26 that the orbit for mission B, with
its initia: altitude of only 195 n.m. decays very rapidly. In fact if
its arrays are left sun-oriented, it decays to 130 n.m. altitude in omnly
140 days. If the arrays would be oriented paraliel to the orbit path when
the drag makeup system was shut down, then it would take 290 days to decay
<0 130 n.m. altitude. Post-program reactivation of mission B wculd be a
more attractive alternative if the space station's altitude were to be
increased before storing it in orbit. If this space station's altitude were
increased by 25 n.m. to 220 n.m., then the station, with sun-oriented arrays,
would take 360 days to decay to 130 n.m.- and nearly 740 days if these arrays
are stored orbit-oriented.
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Interim Space station Weighte

This section is more than just a statement of the weights for
the several interim space stations. As was pointed out earlier, only
those systems that may impact or be impacted by the mission require-
ments were evaluated in detail. This section integrates all the systems
for each of the four missions with the requirements of these missions.
When ail the systems are considered, some systems influence the mission

operational characteristics as much as the experimental program.

Except for the second mission which is largely devoted to experi-
ments related to Earth observations, the mission requirements of the
other mission experiments do not have specific orbit altitude nor
inclination requirements. So as to determine their missicn orbits,
missions A, C, and D were examined and tradeoffs performed between the
experiment needs, radiation and micrometeoroid shielding requirements,
drag makeup fuel, logistic vehicle capacity, and launch vehicles
capabilities. An orbit inclination of 28 1/2 degrees permits use of
the full capability of the launch vehicle, and it was the selection.

The orbital altitude at which the weight requirements for radiation and
micrometeoroid shielding and for drag makeup fuel is the lowest, results
in the lowest total weight spacecraft, and this altitude of 245 nautical
miles was tne selection. Mission B, the Earth observaticus mission, has
its orbit inclination of 507 defined by the ground survey z2ad coverage
requirement. Its orbit altitude of 195 nautical miles, on the other hand,
was defined by minimizing the weight of the spacecraft. Table 17

summarizes the orbital requirements for each of tne missions.

Table 17
Mission Orbit Requirements
Altitude Inclination
Mission Nautical Miles Degrees

A 245 28 1/2°
B 195 <0°
c 245 28 1/2°
D 245 28 1/2°
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The weights for the six versions of the interim space stations are
summarized in Tables 18 and 19. Table 18 lists the fixed equipment
weights for each major spacecraft module. The current design weights
for the Skylab I vehicle also are shown for comparative purposes, Ref.

7. 1If the experiments are ignored, the fixed item weight for the

various spacecraft are almost proportional to the crew sizes. On the
other hand, for the expendable supplies shown in Table 19, the expendable
weights are closely proportional to the total man-days for each mission.
The expendable items were broken down into two categories, those which
are necessary or desirable at initial activation of space station, and
those that can be supplied during any logistic flight. This was neces-
sary so as to know what items needed to be launched as part of each
interim space station. The effects of recovering the water, Mission C,
and recovering both water and oxygen, mission D, can be seen by comparing
these mission weights with those for mission B. Mission B has a crew of
only six men while missions C and D have nine men each; yet the potable
water weight is 23,000 pounds less for mission C than for mission B.

The oxygen load for mission D, which is mostly for emergency, is 16,000
pounds less than that required for mission B. This combined weight

saving is about equivalent to that for one Apollo CSM logistic vehicle.
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Table 19
Interim Space Station Spacecraft Expendable Supplies Weights
Skylab 1 Mission A Mission B Wat
3-Men 3-Men 6-Men —
Initial Resupply Total Initial Resupply Total Initial
Multiple Docking Adapter 690
Supplies }
Containers 690
Airlock Module 25,690 15,965 22,555 48,520 19,285 43,060 62,345 22,645
Oxygen 4,930 3,390 6,770 4,340 9,770 5,330
Oxygen Tankage 16,000 8,300 18,.00 11,170 25,130 13,540
Nitrogen 1,100 940 1,880 240 2,010 940
Nitrogen Tankage 3,500 2,700 5,400 2,700 5,700 2,700
Coolant and/or Water 110 90 270 90 300 90
Water Containers 50 45 135 45 150 45
Orbital Workshop 19,205 12,345 38,880 51,225 20,635 68,080 88, 715 47,655
Film 60S -
Film Radiation Storage 3,300 -
Attitude Control Fuel (N,) 1. 350 900 2,700 900 3,000 900
Attitude Control Tankage 2,650 1,800 5,400 1,800 6,000 1,800
Drag Makeup/Artificial "g" Propulsion 2,400 1,600 5,100 8,100
Drag Makeup Tankage 240 160 510 1,200
Potable Water Supply 6,200 4,050 12,150 8,100 27,000 11,510
Potable Water Tankage 3,000 2,025 6,075 4,050 13,500 5,755
Food 1,680 1,080 3,240 2,160 7,200 3,240
Food Containers 420 270 810 540 1,800 810
Experiment Support 2,020 5,330 1,205 3,610 400
Bxperiment Support Packaging 200 535 J20 360 40
Experiments in Modules
Launch Vehicle-Artificial "g" Propulsion 13,900

TOTALS 45,585 28,310 71,435 99,745 39,920 111,140 151,060 10,300




ission B
6-Men

Resupply

43,060
9,770
25,130
2,010
5,700

150
68,080

3,000
6,000
5,100
510
27,000
13,500
7,200
1,800
3,610
360

111,140

Total

151,060
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Mission C
Water Recovery
9-Men

Initial Resupply Total

Mission D

H;0 & 0, Recovery

9-Men

Initial Resupply Total

Mission '’
Water Recover,
8-Men

Initial Resupply Total

FOLDOUT FRAME Z—

Mission ‘D’

Hy0 & 0; Recovery

8-Men

Taitial Resupply Total

22,645 78,620 18,135 36,195 54,330 21,605 48,290 69,895 16,990 31,620 48,610
$330 13,220 1.690 5,000 11,260 T 1.a80 —
13,540 33,860 5,230 12,830  28.870 4,700
940 2,200 940 2,200 20 2,010 940 2,010
2,700 6,200 2,700 6,200 2,700 5,700 2,700 5,700
90 330 5,050 18,530 90 300 4,780 15,940
45 165 2,525 9,265 45 150 2,390 7,970
47,655 41,760 89,415 24,930 86,410 111,340 46,220 37,680 81,900 21,495 82,330 103,825
900 3,300 90 3,300 900 3,000 900 3,000
1,800  6.600 1,800 6,600 1,000 6,000 1,800 6,000
8,100 5,100 5,100 8,100 4,800 4,800
1,200 510 510 1,200 480 480
11,510 11,510 9,520 9,520
5,755 5,755 4,760 4,760
3,240 11,880 3.240 11,880 2,880 9,600 2,880 9,600
810 2,970 810  2.970 720 2,400 720 2,400
400 1,270 830  3.775 400 1,270 830  3.775
40 130 85 380 40 130 8s 180
10,000 51,895 10,000 51,895
13,900 13,900
70,300 97,735 168,035 43,065 122,605 165,670 65,825 85,970 151,795 38,485 113,950 152,435
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LAUNCH AND LCGISTIC VEHNICLE CAPABILITY
Space Station Imsertion

INT-21 Leunch Vehic ‘e - Each of the interin space staclons will

be launched by a two-stage Saturn V consisting of the S-IC and S-II
stages. This launci system is sometimes referred to as the INT-Z]l,
Inasmuch as the external structure of each interim space station is
in reality the S-1IVB stage the overall appearance of the lau.ch
vehicle/station at launch is similai to the more famiiiar three stage
Saturn V, Figure 27 shows the launch vehicle arrangement and lists

the stage char.cteristics.

Since each of these vehicles will have been manufoctured for the
Apollo Program no major product improvements will be incorporated in
their design. In particular the new, higher performance . 2-S engine
will not be available for use aboard the S-II stage. Thus only one
start of the S-II propulsion system is possible, dictating that the
S-1I stage firing be continuous from ignition through cut-off at inser-
tion into the desired orbit. The performance envelope for such a
continuous burn ascent is shown in Figure 28. The envelope was developed
from a simplified computer program of launch vehicle performance. A
particular value of performance for this launch vehicle from more exten-
sive analysis in support of the Skylab I program is shown. Within the
accuracy of other weight determinations for the interim space station,
the accuracy for the performance envelope given is sufficieat. The
suggested orbit altitudes and inclinetions f r the interim stations, and

the resulting gross payload capability to these orbits, are tabulated below:

Altitude Inclination Payload
Mission (n.m.) (deg) (1bs)
A 245 28 4 202,000
B 195 50 200,000
c 245 25 % 202,000
D 245 26 %— 202,000

Although the use of Figure 28 is obvious, three considerations

(oti.er than the necessity for continuous burn) tnat influence the
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allowable station weight need explanation: (1) the range safety
constraints, (2) the location in the trajectory at which the payload

shroud is jettisoned, and (3) the payload margin.

Range Safety - Recent information obtained from Saturn V launch
operations analysis indicates that it should be possible to launch at
azimuths as low as 45 degrees. The corresponding orbital inclination
which results, predicated on a planar ascenrt trajectory, is 51.5 degrees.
Higher inclinations would only be achieved by yawing the S-II stage, after
orbital velocity has been attained, so as to rotate the orbital velocity
vector. This latter assumption of a planar ascent is somewhat restrictive
iin that yaw steering towai1d the north would probably be performed during
the ascent phase. This yaw steering maneuver would result in & slight gain
in payload over that shown in Figure 28. Because of the potential hazard
to the East coast of the United States and Canada, a detailed impact
analysis is required to deterrcine the limits to which this maneuver would be

possible.

Shroud Jettison - The ascent trajectory concept currently under

consideration for Skylab I calls for the payload shroud, weighing

about 25,000 1lbs., to be retained until orbit insertion. This concept
was aiso assumed in the preparation of Figure 28. Thus the net weight
allowable foi an interim space station mission will be 25,000 1lbs. less
than indicated in the figure. A more standard ascemnt profile, of
course, would call for the shroud to be jettisoned earlier in tie
trajectory with a resulting increase in net payload. 1f, for example,
thr shroud were jettisoned at S~II ignition the net payload would be
lower than that shown in Figure 27 by only about 8000 1lb. Since the
tvpe of paylcads envisioned for the interim spacc station missions would
need launch protection conly against wind loads, the earlier shrcud

ejection and the 8000 pound paylnzd penalty are more appropriate.

Payload Margir - As a point of reference the Satvrn V payload
capability for the Skylab I mission (h = 235 nm, i = 50°) is 197,000
1b, Rei. 7. The design weight of the total payload system (workshop,
MDA, AM, 1U, experiments anu shround) is about 165,000 1b. which inuicates
a payload margin of abnut 306,000 1b, Since most of the Skylab mission
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requirements are well established, it is apparent that this margin i-
intended to provide for growth in hardware weight. Thus it ic reasonable
to employ a similar margin of constant weight (about 30,000 1b) for the
interim station missions rather than a margin based on a constant percent-
age of _he launch vehicle payload capability. With these ccnsideraticns
for hardware growth and the descent altitude at which the nose shroud is
jettisoaed, the launch performance shown in Figure 28 would be reduced

by 38,000 pounds, and the resultant values would be the maximum design

weight for the mission spicecraft.

Logistic Vehicle

The Apollo command module and se:vice module was the only vehicle
considered to perform the logistic functions of carrying the crews to the
space station and back to Earth. There were, however, two versiomns or the
command module (CM) which were considered, the current 3-man version and
a proposed 4-man version. Either version would land and be recoverable
at sea using the current Apollo recovery operational methods. Some of
the command module systems would of necessity be altered or modified to
permit its quiescent storage in space for the 90 -day crew rotation period.
That equipment necessary for only the shorter lunar type missions would be
removed to obtain storage volume and payload allowance for data and film
to be returned to Earth. Those items that are :emoved just about equate
in weight with those items which are -equired for the interim space
station uissions.

Ine four man version of the Apollo (CM) has been studied extenmsively
by both industry and NASA for -1se as a logistic vehicle for Earth orbit
missions. Adding the fourtr man tc the Apollo capsule does remove some
of the practicality for using the crew seats as sleeping couches. The
flights to an Earth orbiting space station would be legs than 16 hours
from rime of start of crew's on pad checkout through 1ift off, injeccion,
doc. ¢ with the space staticn and the shutting down of the command module
svatems for its 90-day quiescent period. Retu'm to Earth would be
accomplishea in less than this same period. Thus, there is no need to
provide the convertibility of the crew seats to sler,.ng couches. The

fourth crew man in the Apollo capsuie would have the same type of landing
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shock attenuation built into his seat as is built into the present sears.
Each man would have his own spacesuit and life support connections. A
proposed six-man version of the Apollo command module also has been studied
extensively. For this study, however, it was not considered for logistic
supnort first, because the capsule would require extensive alterations and
expensive changes, and second, the larger crew would not allow as much
operational fiexibility nor would it permit a more uniform number of men

occupying the space station.

The Apollo service module (SM) serves as the cargo carrier, and as such
requires the most extensive change<. The present Block II module has six
compartments equally spaced around a center engine core. Four of these
contain the tankage and fuel for the engine, and one contains the fuel cells
and their reactants. For Earth orbit logistic support, the SM would act
as a trans-stage and propel the Ap.llo CSM from the booster insertion
altitude to docking with the space scation. Upon Earth return the SM
propulsion ¢ tage would bring the Apollo capsule to the lower orbit altitude
at which the Apollo re-entry maneuver starts. This limited use of the pro—
pulsion system would require only one oxident and one fuel tank. The
requirements for electrical power are also greatly reduced, and thus the
equipment in the electrical power system bay would be greatly reduced. The
reduction in electrical power needs reduces the amount of cooling radiator

and consequent surface area coverage requirements.

Some of the fuel tanks used cn the Apoli¢ lunai module are more
appropriate in size for che propulsion needs of the Earth orbital transpor-
tation maneuvers than those currently in the SM. If these are substituted
for the existing fuel tanks, then the electrical power system components
can also be installed in the same bays. These would fill the largest two
of the six bays. This leaves four bays entirely available for storage of
logistic cargo. This reconfigured service module has sometimes been referred
tc as a Biock I1l version, Ref. 25. Two of the compartments have a volume
of 175 cubic feet each. If the logistic carg- were 111 liquid, these four
compartments could hold about 35,000 pounds of wa:er exclusive of its tank-
age. 1f the cargc were a typical mixture of dry lugistic wupport items,
these four compa-tmernts could then contain about 20,00C pounds. There

is adequate volume in these four SM bays to carry all experimental
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support items except those which measure over 3 1/2 feet in diameter
and 12 feet in length. It must be understood that these cargo bays are
only accessible through an extra vehicular activity; however the space
traverse required is only slightly more than the conical height of
Apollo, about 15 feet. The transfer of 1iquid cargo could be through
built-in piping and it would require only the attachment of hose lines
at the docking port. The bulk cargo transfer would be more difficult
for it would require opening the compartment outer panel and transfer of

items by crew EVA activity and some type of an endless line arrangement.

Table 20 summarizes the weights for the 3-man and the 4-man Apollo
CSM spacecraft, and it includes the crew and the Block III service
module without its >ogistic cargo load. Tables F-1 to F-4 in Appendix
F contain detailed breakdowns of the weizhts given in this table. The
effective weight of the la unch escape system is reduced by about 6500

pounds when it is ejected soon after the second stage ignites.

Table 20
Apollo Logistic Vehicle Weight
Items 3-men 4-men
Fixed
Command Module 11,145 12,035
Service Module 11,260 11,260
Launch vehicle Adapter
Saturn IV-B 4,155 4,155
Titan III-M 5,000 5,000
Launch Escape System(l) 2,700 2,700
Expendable
Command Module 1,550 1,915
Service Module 5,930 5,100
Totai
With SIV-B Adapter 36,740 38,165
With Titan I11-M Adapter 37,585 39,010
(1) Based on carrying LES until 29 seconds after second
stage ignitZon (200 1bs) and yaw steericg (700 1bs)
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Logistic Launch Vehicles

Only three launch vehicles were considered for the logistic support
for the interim space station missions. Each of them has currently
developed systems, however as a launch vehicle, only one has had full
flight qualification. These three vehicles are the Saturn I-B, the Titan
I1I-M, and a third, having solid rocket motors as the first stage and a
Saturn IV-B as the second stage. The latter vehicle has been named SRhM-
Saturn-IV-B for convenience. The characteristics and launch capability

for each vehicle will be considered separately.

Saturn I-B - The Saturn I-B vehicle was developed to flight qualify
the Apollo spacecraft and its systems. It consists of a Saturn I-B first
stage and a Saturn IV-B second stage. 1In qualifying the Apollo spacecraft,
the Saturn I-B wac flight qualified for manned launches. The payload
adapter is the same as is used on the Saturn V launches of the Apollo CSM
spacecraft. Figure 29 shows the launch capability for the Saturn I-B at
various inclinations and altitudes. It can place between 33.000 and
35,000 pourds into 250 nautical mile altitude orbits and at inclinations

of greatest interest for space station operation.

Titan III1-M - The Titan III-M was designed and configured for logistic
svpport of the Air Force Manned Orbiting Laboratory, MOL program. lhe
seven segment s:iid rocket motors for the Titan launch vehicle bad just
about completed their qualification tests when the MOL program was canc21led.
The payload launch capability for this vehicle is given in figure 30.

This vehicle can place about 25,000 pounds iunto a 250 rautical mile orbit.
The Titan I1I-M was configured to be used wiih » Cewmini Z-man venicle, and
thus it does not have as much payload capability as the Saturn I-B. To
use the Titan III-M as a launch vehicle for the Apollo CSM, it w:!l be
necessary to construct an adapter section to mount tae Apollo CSM on top
the Titan The vehicle would irave a slight hammerhead shape a: launch.
There has been considerable e.perience with hammerhead configurations
especially for the unmanned svstems, and there should be no unexpected
undesirable characteristics to preveu: the qualification of this

combination as a man rated laurnch vehicle.
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SRM-Saturn IV-B - This vehicle has not been assembled, but its

components have had extensive flight experience. Thre= 120-inch,

seven segment, solid rocket motows, the same as thos: used with the Titan
vehicles, comprise the first stage, and the SIV-B would be the second
stage. Since the launch vehicle is a new configuration, the interccnnec-
tions of the solid rockets as a first stage would need tc be designe ' and
tested, as well as the interstage with the SIV-B. However, the develop-
ment of the vehicle should not be extensive for the solid rocket motors
had almost completed their test phase under the MOL program. The design
of the structural components and the clustering of the rocket motors
should profit from this previous flight experience. To qualify this
vehicle, it should require not many more tests. The calc-lated perfor-
mance envzlope for this launch vehicle is shown in Figure 31. This
vehicle can piace over 55,000 pounds of payload in a 250 nautical mile
orbit at the inclinations of interest for this study.

Mission Accomplishment

The spacecraft weights and logistic support requirements for each
mission have been detailed earlier. These pu.yloads need to be compared
with the launch vehicles' capabilities so as to determine the suitability
and feasibility of each to support these stvdied missions. Table 21
summarizes for the six studied missions the fixed weights and the initial
support requirements for each mission spacecraft. The INT-21 vehicle net
launch capabilit; is indicated. Except for mission C, INT-21 can insert
the interi: stat:.on, its fixed weight items and all of its initial manning
needs into each desired mission orbit. For Mission C which has the unusu-
ally large loads in connection with the artificial gravity expecriment.
some selection would be needed between those items necessary to be avail-
able for the first crew at initial manning and those items which could te
brought up on the first logistic missions. For this mission, which has
more frequent logistic flights, some rcelaxation in the criteria of the
amount of emergency life support supplies on board the interim station may
be necessary. For instance, by changing the emergency life support supply
criteri1 to that to be sufficient for a 60-day emergency, it wouid permit
the transfer of about 10,000 pounds from the initial manning loads to
resupply loads. What items to be included with each station launch is
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of necessity outside the scope of a feasibility study. The important
result shown in Table 21 is tha. each interim space station and a good
percentage of its initially needed expendable items can be placed into

the desired orbit for each mission.

Table 22 summarizes for the six missions the logistic loads and the
launch capabilities for each of the three logistic launch vehicles. Those
initial manning items not launched with the station for Mission C have
been carried over to be included with its resupply loads. For the other
missions, all of which have excess station launch capacity, some resupply
1tems would be included with the initial manning items in order that the
full utilization of each launch vehicle could be utilized. The resultant
average resupply load for each logistic launch, ranges from about 5500
pounds for Mission A to 12,700 pounds for the optional 8-man version of
Mission C.

Each logistic mission must launch an Apollo command module which
carries the new crew to the station, and a service module which per-
forms the docking maneuvers with the station. That launch capability
of the logistic vehicle over that required for thke Apollo CSM would be
devoted to resupply items. Table 22 shows that ncither the Satui: I-B
nor the Titan III-M have load capability to carry any resupply items. In
fact they cannot insert the Apollo CSM package as defined in this study
into any of the mission orbits. The Titan III-M lacks over 10,000 pounds
of capability to perform the logistic mission for just the Apol'lo CSM, snd
thus it should not be considered as a candidate vehicle for use with “hese

missions.

The Saturn I-B lacks between 1500 and 3.00 pounds of capability to
launch this study Apollo CSM. This same Saturp i-B will be used to launch
the 3-man Apollo CSM logistic vehicles in support of the Skylab I program.
The logistic resupply load over and above the Apollo CSM for this Skylab I
program is less than a hundred pounds fo: each launch. By careful staging,
the Skylab I logistic missions can be performed by the Saturn I-B vel‘cle.
Similarly, careful talioring of the insertion maneuver and greater " : of
the service module propulsion system could probsbly increase the zapabil:cy
of the Saturn I-B so that it might insert the Apollo CSM int. the interim
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station mission orbits. However, this would result in the necessitv to

liave the rasupply items supplied by some other vehicle or means.

If unmanned logistic launches are to be consiucred, the Apollo
service module would ve necessary for each legistic flight so as (o
dock the cargo. The weight of the service mndule, its expeundables, tu~
launch vehicle adapter, and a nose cone would tntal about 24,000 pounds.
This would leave for each unmanned Scturn I-B larmch approximately 10,000
pgounds for resupply items. This capabilit; . apout equal to the saverage
resupply 11ad necessary for each manned logistic mission. Thus, for the
full logistic support of these missions by the Saturn I-B it would require
one unmanned logistic resupply launch with c«.h manned launch. Aud by
this m~ans, the Saturn I-B could be considereld to be a candidate logistic
launch vehicle for these missions. Jowever before a final decision were
to be nade, a more detailed st.dy would be required of Mission D to
investigate how the Isotope Brayton power and the astronomy exper.ments

moaules could be handled operationally.

The third evaluated logistic launch vehicle, the SRM-SIV~B has an
excess of resupply payload capability for each logistic launch. This
excess variues from 7,600 to 15,000 pounds de, ending on the wission. This
excess capability realized in the seven segment solid rocket motor, however
causes one to wonder if the logistic loads cculd be satisfied with fewer
solid motor segments. Althcugh a five segmer motor has not be a2 tested
for use with manned launches, it has been and is be ng ..ed extensively
for uimanned launches. Thus the capabilit’ of a three, five-segment solid
rocket motors first stage with a S-IVR seccnd stage was determined. I[ts
calculated capability turned cut to be about 10,000 pounds less thau that
for the seven segment SRM-SIV-B. As such, it would have capebility to
support only about half of th logistic missiors. Because of this, the
five segment vehicle could be a candidate launch vehicle, but it wonld
not be as attractive. The -even .egment SRM-SIV-B has excsss capabiiity
which can permit either grea.er resupply loads or r..periment hardwarc
growth and this maker it the more desirable choice.
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PROGRAM COSTS

Without & nned spaceflight between the Apollo and the Space Station
Programs, the operational competence built up at Kennedy in launch
capability and at Houston in mission control can either be maintained
on a sustaining basis or abandoned. It is felt tha:c these facilities
should be sustained, and thus this interim space station program evaluates
the ..-~den of these sustaining costs. This program also carries another
burden, a characteristic of an interim program, and that is the costs
which are required to reactivate vehicle manufacture and to develop new
vehicle parts. T.is section discusses the program costs and the rationale
used for developing the costs. It includes the program costs for several

alternate methods of logistic support.

Costing Rationale

NaSA in their manned spaceflight programs usually have divided the
costs of its programs into three major areas. These are spacecraft or
experiment development, spacecraft acquisition, and mission operations. In

this study the same cost divisions were used.

The area of development costs takes several meanings depending on
the past history of the item being considered. For example, the Saturn
IV-B stage has been developed as a propulsion stage; however, except for
Skylab 1 use, it has not been engineered nor tested as a manned mission
module. Each of the four Saturn IV-B vehicles have unique requirements
for each of the four missions and thus they are each assessed a cost
for development. On the other hand for vehicles whose manufacture has
stopped, such as the Saturn I-B, it has been assumed that the jigs,
fixtures and tooling have been stored and that no new development would
be necessary. However there are expenses that occur to reactivate

manufacture, and these are treated the same as development costs.

In determining the amount of money that would be needed for develop-
ing various spacecraft and their components, it was necessary to synthe-
size results from studies, historical cost data, and estimates based on
developing simjilar types of spacecraft (Ref. 26). This synthesis required
a great amount of subjective judgment. Table 23 lists the vehicle develop-

ment coste as developed. These costs for each vehicle have been assumed to



-89 -

be spread over a four-year period prior to the year of first launch.

The development cost of $250 million for the interim space station includes
the development and integration of the airlock module and the multiple
docking adapter as well as the life support and crew accommodations.

The development cost of the Apollo command module into a four-man capsule
includes the cost of development of the current Block II service module
into a Block III SM with a cargo storage and carrying capability as

well as a propulsive stage. The start up costs for the 3-man Apollo

CSM includes the development costs required for a Block III SM. The
Titan III-M has not been man flight qualified; nor does it have an

Apollo CSM launch wvehicle adapter; nor are there the launch facilities
for integration of logistic vehicles. These items are included in the
cost for development for this wehicle. The components that are combined
to form the SRM Saturn IV-J launch vehicle have all had extensive flight
tests, and thus this wvehicle's development costs include those costs
entailed in the integration of the two stages, the manned flight qualifi-

cations and the launch operatioms of component integration and assembly.

Table 23
Vehicle Development Costs
Vehicle Millions
Interim Space Station (DWS) 250
Apollo CSHM, 3—men* 100
Apollo CSM, 4-men 225
Saturn I-b" 70
Saturn SIC-SII (INT-21)" 130
Saturn IV—B* 30
Titan III-M 250

Three 120" 7-Segment Solid
Rocket Motor plus SIV-B Stage
(SRM-SIV-B) 80

*
Start-up
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For accounting purposes, the development and acquisition of the
experiments to be performed during the flight program have been assessed
as development costs. The logic for this assumption is that each experi-
kent and its equipment are unique, and that the equipment is built and
developed concurrently. The estimates for the costs of these experiments
were the most difficult to make. The prime source of experiment cost data
was that available in the NASA "Experiment "Blue Book", Ref. 27. The
other source was the results of some internal amalysis of historical data
and which related flight instrument costs to both size and weight of
experimental equipment. One assumption regarding the experiments was that
although an experiment was to be perforwed on subsequent flights, its
equipment and techrology would be altered sufficiently to require newly
developed equipment for each interim space station flight. Except for
the first mission whose launch date only permits a 4-year development
period, the development costs for the experiments were spread over the

5-year period prior to the year of each space station's launch.

Most of the vehicles used in this program have been used in the
Apollo program and thus the costs to acquire them are well documented.
Table 24 lists the values as used in this study for the costs to build
end deliver one vehicle. In these unit costs it has been assumed that
there is continuity of production of vehicle type over the period of
eehicle usage. Acquisition costs for each vehicle were assumed to be

spread over the three year period prior to its launch year.

Table 24

Vehicle Acquisition Costs

Vehicle Millions
DWS 150
Saturn I-B 50
INT-21 80
Titan III-M 25
SRM SIV-B 40
Apollo CSM, 3-men 45
Apollo CSM, 4-men 50
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The determination of the program operational costs was pernaps the
easiest to estimate, largely beczuse in this area, there is the greatest
amount of data. In the past there have been overlapping manned flight
programs, and the only difficulty in analyzing their opecrational costs
has been in determining what proportion of the launch and operational
costs were being assessed to each program. The operational costs, in
this study, have been assumed to include those services furnished in
connection with the launch site assembly, checkout and launch of each
spacecraft and those in suppcrt of the spacecraft while in orbit. It
was assumed that there would be other manned operational launches before
the start of this program and others after, but none during the four
interim space flights. Thus this program would carry the burden continu-
ously for the operation of Kennedy's launch complex and ¥ uston's Mission
Control during the time period of this program. This basis for assessing
these costs might be considered to be arbitrary, however for evaluative
purposes it does give good approximations to total program cost. If there
are other program launches during the interim space station's flight
period, then the operational launch costs would be shared, and these
estimated costs for the intetrim program would be high. On the other hand,
if there is a period with no launches either immediately before or after
the interim program, the launch operation would need to be maintained
during these periods and the interim space station program should be
charged with this burden, and then in this event the program total costs

would be low.

It was assumed that all the manned operational cost would be assessed
to this program continuously over the period from the year of the first
launch through the year that the last spacecraft is flying. This is a
period of nine yars, and it annually averages over 500 million dollars.
Table 25 lists the annual operational costs for each vehicle used in this
rrogram. The INT-21, since it is the major launch vehicle, is assessed
with the major operational costs. If this vehicle were not being used,
some of this operational burden for Kennedy and Houston would need to be
carried by the other vehicles being used, and thus theilr operational costs
of necessity would be higher than shown. The construction of launch
facilities for the Titan III-M and the SRM-SIV-B lauvnch vehicles are not
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included in these operational costs, for it has been assumed that these
types of facilities normal.'r would be charged to the NASA facility acqui-
sition and not to a flight program.

Table 25
Annual Launch and Mission Control Costs
Vehicle Millions
Saturn I-B 150
DWS 65
INT-21 350
Titan III-M 50
SRM - SIV B 70
Apollo CSM, 3-men 95
Apollo CSM, 4-men 100

Program and Option Costs

By integrating the development, operational, and vehicle procurement
costs for the DW§, INT-21 experiments, 3 and 4-men Apollo spacecraft and
the three candidate logistic launch vehicles, the total resources required
for six options of this program were developed. Figure 32 shows the
annual program rate of expenditures for the program for each of the three
logistic launch vehicles supporting only the three-man Apollo. These
costs are for a logistics launch total of 36 for each of the three launch
vehicles, and Figure 32 thus shows the relative annual costs between each
of these three launch vehicles. The SRM-SIV-B launch vehicle costs about
170 million more during the peak cost years than if the Saturn I-B vehicle
were used and the use of the Titan III-M correspondingly would be about
150 million less than the Saturn I-B. One thing should be remembered in
considering these annual costs, and especially during the peak years, and
that is that the operational costs of about 600 million per year for the
period from 1976 through 1984 have been included in these annual costs.
Thus, the highest annual program expenditures shown are about 1 billion

dollars over that required to support the annual operatiuns costs.

Logistically, the Titan III-M vehicle cannot perform even the required

manning functions in this program, and thus further consideration of it is
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inappropriate. The Saturn I-B launch vehicle, by the addition of about
an equal number of unmanned launches and orbit dockings to its manned
launches, can satisfy the logistic requirements. Figure 33 shows the
annual costs of the program with the full logistic requirements being
performed by either the Saturn I-B or the SRM-SIV-B launch vehicle. These
annual costs are for the optional program in which 3-men Apollo CSM's

are used for Missions A and B and the 4-men versions are used for Missions
C and D. These programs include costs for 28 manned launches for either
launch vehicle and the additional required 29 unmanned logistics launches
for the Saturn I-B vehicle. The fewer laun~hes and vehicles required in
the optional program brings the peak funding whken the SRM SIV-B vehicle

is used down to 1 1/2 billion per year. This value is 220 million less
than the annual funding peak when the 3-men Apollo CSM's are used exclusively.
The doubling of the number of logistic launches that are required when the
Saturn I-B vehicle is used raises its annual program costs above that

for the SRM-SIV-B costs and to an annual cost peak of 1.82 billion dollars.

The peak funding for any of the five considered options of the pro-
gram occurs in 1979 and 1980. To determine the effect on the peak funding
level by a change in launch interval, the costs were assessed for an
increase in launch interval of the interim space stations from 2 1/2 years
to 3 1/2 years. The longer launch interval reduces the peak level by
about 200 million dollars, and it does delay the year when peak funding
first occurs to 1981 or later. However, this stretchout in launch
interval increases the total program costs by about 2 billion dollars;
since three more years of operation costs have been added to the total

program costs,

Table 26 summarizes the total costs for this program both for when
only the 3-men Apollo CSM's are used, and for the optional program in which
4-men Apollo CSM's are used for the latter two missions. The costs shown
in this table are those required to completely man and supply the four
missions by either logistic or launch vehicles. The costs for additional
unmanned logistic missions required by the Saturn I-B to satisfy the logistic
needs of the missions are included in the vehicle acquisition and operations
costs. The program costs for use of the Titan III-M vehicle are not given,

for this vehicle cannot satisfy the crew requirements.
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The SRM S_tura IV-B logistic launch vehicle, because of its excess
payload capacity and thus requiring only the minimum number of vehicles
to change the crew, has the minimum total program costs with either of
the Apollo vehicles used. For this program's total cost of $14 billion,
the launch operations and mission control contribute over $5 billion to
this total. The costs for vehicle development and acquisition are almost
$7 billion. These vehicle costs on a per mission basis are comparable to

some of the costs being suggested for a second Skylab mission.

The need for additional Saturn I-B logistic vehicles increases its
total program costs about $1.7 billion over that for the same program with
SRM SIV-B vehicles. An interim type program should minimize costs and
the development of new hardware items, and the program option which uses
the SRM SIV-B vehicle is the most attéactive. In terms of insurance
against equipment and hardware weight growth it also is the best, for it
has a minimum of 6500 pounds in cxcess capability available for each
logistie launch. This excess capability could be used for such items as
future hardware weight growth. The introduction of a 4-man Apollo CSM
logistic vehicle into the program for the last two missions can produce a
vehicle acquisition savings of 17 percent and a total program savings of
$700 million. In spite of the need to develop the 4-man Apollo and the
SRM SIV-B vehicles, this option is che least expensive of all the program
options; and in spite of the reduced crew size, it does accomplish almost

90 percent of the desired scientific experiments.

CONCLUDING REMARKS

This study of an interim Earth orbital manned flight program gives
the results for one feasible plan to maintain continuity in manned flights
between Skylab I and the Space Station. These results represent just
one possible approach of many alternatives available to NASA in its
pursuit of manned space flight, and they could be used to help redirect
the NASA programs if some unforeseen delay of the Space Station might

develop.

From programmatic considerations, this four mission, interim space
station program is a viable manned flight program. The detailed study
showed that:
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1. A scientific experiment program could be performed over the
four miccions, that would be equivalent to about two years of simil.-

sciercilic effort on the Space Station.

2. Derivatives of the Skylab I spacecraft, ground fitted cand supplied,

could be the mission spacecraft.

3. Spacecraft systems such as electrical power and life support could
be technically evolved, developed, and flight qualified from those as used
on Skylab I to those necegsary for the Space Station/Base program.

4, Either three-men Apollo CSM vehicles or combinations of three
and four-men Apollos could perform the crew rotation functions. Only the
SRM 3IV-B launch vehicle in one launch has the capability to insert the
manned Apollo spacecr: 't and the required resupply load into orbit. The
Saturn T-B launch vehicle requires an unmained logistic resupply launch

for each launch of a manned Apollo CSM vehicle.

5. The program which uses the SRM SIV-B vehicle because it requires

thz least number of vehicles has the least cost.

6. The acquisition of mission spacecraft and experiment hardware
would cost over $8 billion. All items used in the develupment of the
interim space station program vehicles will not be directly applicable to
the development of either the Space Station or Space Shuttle; and thus the
monies spent in the interim space station program wil: not be entirely

recoverable in either the development of the Space Station or the Space
Shuttle.

The technology implications from this study were:

1. Serial flight develupments of several types of water and oiygen
recovery units are possible in this ype of program. Any recovery of the
water or oxygen by even the experimental units is worthwhile, for they

can reduce large logistic lvads.

2. Development of low weight solar panels and battery systems of

15 to 20 kilowatt capacity are highly desirable for Earth orbit spacecraft.

3. Self contained type nuclear power systems could be flight

tested, operated and e.. luated in tahid program.
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4. Frequent logistic missions permit timely supply of repair items.
Repairability and maintainability of spacecraft components shou'’d be a

design criterion.

5. Development of stability systems that would maintain the
attitude and control of the mission spacecraft beyond its initial mission

period, would make the reactivation of these spacecraft possible.
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APPENDIX A
EXPERIMENT DESCRIPTIONS

The experiments planned for the four interim stations are summar-
ized on the following pages. Since some of the experiments are used in
several missions, they are referred to here by title and FPE number
rather than by mission. This material was extrzcted from the "Green
Book", "Experiment Support Requirements Analysis, Space Station Program
Definition", NASA Contract NAS8-25140, McDonnell Douglas Astronautics
Company, West, January 13, 1970.
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Stellar Astronomy Module (FPE 5.2)

1) Description and Objectives

The objective of this FPE is to make stellar observations at
higher resolution and in wavelength regions that are impossible to
achieve from the ground. The objects that will be viewed include
individual faint stars, galaxies and stellar clusters. Photometry
of globular clusters, hot 0 and B stars and Cepheid variables will be
used to determine the brightness and distances to those objects. High
resolution spectroscopy will enable abundance determinations to be
made of stars, comets and planetary atmospheres. The use of imaging
photographic and electronic devices will produce high resolution
pictures of star clusters, planetary surtaces and the structure of the
Milky Way nucleus. Measurements of polarization will reveal gas and
dust clouds in the spiral arms of the galaxy, and give information on

their composition, density and movement.

The instrument used in this FPE is a 3 meter Cassegranian tele-
scope. This telescope is a precursor for a true diffraction limited 3

meter telescope for future missions.
2) Cost and Availability

Cost - 130 million
Schedule - 1977-1978



Solar Astronomy Module (FPE 5.3)

1) Description and Objectives

This FPE will conduct visible, UV, and X-ray studies of solar
granular structures and areas of high solar activity with higher
spatial and spectral resolution than are achieved in the ATM instru-

ments. The instruments in general are larger versions of the types
used in ATM.

A tentative instrument complement will consist of a 1.5 meter
aperture photoheliograph, a .25-.5 meter aperture spectroheliograph
and spectrometer, two coronagraphs covering the 1-6 and 5-30 solar
radii ranges and a 0.5 meter aperture X-ray grazing incidence telescope
for both direct imaging and spectrometry of solar features. The
instruments will be capable of receiving updated detectors over their
lifetime.

2) Cost and Availability

Cost - 125 million
Schedule - 1977-1979



Ultraviolet Stellar Astronomy Survey (FPE 5.4)

1) Description and Objectives

The objective of this FPE is to photograph objective grating
stellar spectra in the 1000 to 2000 °A ranges and develop instrument
technology and in-flight procedures for large manned orbiting tele-
scopes. Extension of photographic spectroscopy into the Lyman series

of atomic and molecular hydrogen is a primary goal.

The observations are carried out with an all reflecting Schmidt
telescope mounted on an ATM type stabilized platform. The excellent
imagery and wide field of view of the telescope make it suitable for
survey work in the far ultraviclet. The 0.C meter telescope has all
reflective optics and focuses the image onto an image converter that
records the star field on a roll film camera operating in the visible

part of the spectrum.
2) Cost and Availability

Cost -~ 5 million
Schedule - 1976-78



A-5

Space Physics Airlock Experimants (FPE 5.6)

1) Description and Objectives

This functional program element is comprised of a group of

experiments whose primary goals are:

- To obtain data on the space environment in near earth orbit.

- To determine the effects and constituents of an induced
atmosphere above the space station and to measure its
temporal changes.

The following experiments are included in this FPE:

- 8063 ~ Ultraviolet Airglow Horizon Photography

- S073 - Gegenschein/Zodiacal Light

Four other experiments have been defined by the "Blue Book" as
part of this FPE. However, these experiments have common objectives
with FPE's 5.17 and 5.18. For the purposes of this document the ra2quire-
ments for the following experiments will be included in the sections
indicated.

- 5149 - Micrometeorite Collection - included in FPE 5.18.

T025 ~ Coronagraph Contamination Experiments - included in
FPE 5.17.

T027

Contamination Measurements - included in FPE 5.17.
- T036 - Environmental Composition - included in FPE 5.17.
2) Cost and Availability
Cost - 1 million

Schedule - 1975



Cosmic Ray Physics Laboratory (FPE 5.8)

1) Description and Objectives

The cosmic ray piysics laboratory is primarily an astrophysical
observaiory for high energy rarticles. The parameters of interest are
flux of electrons, isotopic composition, energy spectra, and flux
directionality.

The secondary objective involves the investigation of nuclear
interactions using the cosmic rays as a source of particles. Also, the
spallation cross-sections and products of higher atomic number particles
can be determined over a wide energy range. The transverse momentum

distribution will also be measured.

2) Cost and Availability
Cost - 50 million

Schedule - 1975



Earth Surveys (FPE 5.11)

1) Description and Objectives

This FPE comprises 19 sensors, ranging from the ultraviolet
tarough visible and infrared to microwava. The purpose is to operate
groups of these sensors simultaneously, conducting experiments in
1) Agriculture/Forestry/Geography, 2) Geology/Mineralogy, 3) Hydrology/
Water Resources, 4) Oceanography, and 5) Meteorology. Using the
instruments commonly associated with earth resources and meteorology
measursments, patterns and spectral signatures are formed which allow

recognition of surface and atmospheric features.

Early earth resource semsors will not operate continuously, but
will be run in an experimental fashion during several passes each day
ranging up to 6 minutes duration. Pointing at truth sites will be an
important part of the data taken to correlate signatures with known
ground features. Meteorology sensors will also be of an experimental
nature, but more nearly continuous operation will be required to obtain

more nearly global atmospheric data.

2) Cost and Availability

The cost of the earth survey sensors is $40 million. Avail-
ability 1975.
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Biomedical Research (FPE 5.13)

1) Description and Objectives

The overall objectives of the medical experiments program
are described in two categories. The first is oriented toward the
support and enhancement of man and his abilities in manned space flight.
The second is oriented f:oward the advancement of medical science by
making available to the medical community and its researchers of the
opportunity to use the peculiar environmental factors of space flight
in basic applied research.

The objectives for this study will be met by means of individual
measurements to explore each of the nine areas of body function including:
(1) Neurophysiology, (2) Cardiovascular Function, (3) Pulmonary Function
and Energy Metabolism, (4) Nutrition and V :culoskeletal Functions,

(5) Endocrinoloéy, (6) Hematology and Immunology, (7) Microbiology,
(8) Pathophysiology, and (9) Toxicology.

The laboratory system will consist of IMBLMS and the peripheral
equipment including a Manned Onboard Centrifuge. The instrumentation will
be arranged in modules which can be assembled into working consoles
according to the requirements of the spacecraft and the medical experiments
program for each particular mission. The pathophysiology and toxicology
experiments will require test subjects consisting of small animals. These

experiments will require Space Blology laboratory and technical support.

It is desirable that the medical experiments be conducted in an
atmosphere as closely approaching that of the earth as the design of the
spacecraft will permit.

2) Cost and Availability

The combined cost of IMBLMS, peripheral equipment (including
the Manned Onboard Centrifuge) -~ 72 M.

Availability - Early 1976,



Man-System Integration (FPE 5.14)

1) Description and Objectives

The goal of the Man-Systems Integration Functional Program
element is to achieve optimum utilization and support of man in advanced
space systems. The broad objective is to determine the optimum vses of
man's capabilities in space missions and includes the development of the
techniques, technology, and equipment required for man to perform
independently or in cooperation with ground personnel as a decision
maker; a systems manager, operator and maintainer; and as a scientific

investigator. Specific objectives are:

a) Quantify human capabilities for performing physical and
mental work as an operator and maintainer of space systems and equipment,
and as a scientific investipator, and to provide data for decisions on

the appropriate man/machine mix.

b) Develop methods for crew selection, proficiency assessment,

maintenance of skills, and to identify training requirements.

¢) Determine man's individu=l behavior characteristics and

group dynamics in space.

d) Develop operator equipment and technology for crew and cargo
transfer, assembly, and maintenance internal and external to the space
vehicle.

e) Develop the technology for habitable living areas for space
vehicles. The Aerospace Medicine Facility will support the Man-Systems
Integration FPE. This facility will include IMBLMS and peripheral
equipment which includes an ergometer, airlock, a manned on-board centri-

fuge, and an acoustically isolated work area with a controlled light
source.

2) Coat and Availability

The cost of the experimental equipment (excluding Aerospace
Medicine Facility equipment) is estimated to be 10 willion. The equip-
ment required to support the Manned-S, stems Integration FPE will be
availabile by late 1975 or early 1976.
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Life Support and Protective Systems (FPE 5.15)

1) Description and Objectives

The objective of LS/PS technolozy is to provide a controlled
and physiologically acceptable environment for flight crews during all
phases of a space mission. The life support system must, therefore,
provide a pressurized shirtsleeve environment that also allows for
pressure suit operation during normal or emergency conditions. It must
supply food, water, and oxygen, provide for personal hygiene, and remov:
waste and contaminants. Lastly, the system must provide a thermal balance
through utilization of available energy and dispersion of any excess heat.
A basic assumption is that data from other completed space progsams will
be available for future ut‘lization. This FPE is being included to
provide critical information with respect to the environmental require-
ments, the design criteria for LS/PS, and the technology which will allow
and assist men to perform effectively on future space missions. The much
needed information will be provided through the following goals:

a) Investigation of the basic chemical and physical-phenomena,
and their occurrence and rate of occurrence in those gravity-sensitive

elements of future LS/PS components and subsystem assemblies.

b) Evaluation of advanced component, subsystem, and system

performance, reliability, verification, and fit in the space environment.

c¢) Investigation of man-system and system-vehicle interfaces
and demonstration of man's ability to accomplisb maintenance and repair

operations.

2) Cost and Availability

The combined cost of providing one conceptual experimenter unit
for each of 14 different experiments described in Table II of FPE 5.15
is estimated to be 40 million dollars. The equipment required to
support the Life Support and Protective System will be available by
1875,
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Materials, Science and Proceseing (FPE 5.16)

1) Description and Objectives

The objective of this experiment is to establish the feasibility
of processing and manufacturing products in space which can best be made
in a near zero-gravity or extremely clean vacuuuw environment. The final
products must meet a real and significant need of science and industry,
and have a value exceeding the cost of space processing and transporta-
tion. In addition, the experiment must demonstrate man's capability to

repair and operate equipment in space.
The experiments chosen for the program include:

Thin film - for higher purity and quality electronic devices.

Glass Casting - for large perfectly spherical lenses.

Spherical Casting - for precision spherical casting of minimum mass.
Composit Casting - for high strength composites.

Variable Density Casting - for high quality and uniformity of
formed material.

2) Cost and Availability

Cost - $30 M
Availability - 30-36 months
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MSF Engineering and Operations (FPE 5.24)

1) Description and Objectives

This experiment is a multi-facet experiment program aimed at
developing engineering methods and operations concepts for future
advanced missions. This FPE consists of a set of experiments that
includes experiment hangar; guidance, stability and control technology;
advanced pcwer systems; advanced orbital EVA system * intenance and
repair techniques; legistics and resupply; manned ¢ ncy and space

living facilities; wireless power; and laser communi L.

2) Cost and Availability

This is a Multi-Purpose Program, and availability and cost are
complex functione of the final space station development activity. The

gross cost is $400 million, and the equipment will be available during
the 1975-1985 period.
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Artificial-G Experiment (FTE 5.x)

1) Description and Objectives

This experiment nrovides operational an:! engineering data which
may be useful in the assessment of artificial-g effects on man's ability
to perform in space. This information impacts on the design oi the
artificial-g portion ¢ the Space Base as tc the allocation and configura-
tion of experiments and support functions between the zero and artificial-
g portions. Performance of the experime.t requirec that the Space Station
b. rotated at a rate and radius which is nominally equivalont to that
expected for the Space Base. This requires that rotation-p.:culiar
hardware and operations be employed, to the extent pre ticable, which
will be evaluated during the experiment as & secondary and supporting
objective. This may verify or impact the design and control o“ the Space
Base artificial-g hardware.
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APPENDIX b
ELECTRICAL POWER SYSTEM

This appendix gives more detailed data on the interim space
station power requirements and system selection. Table B-1 shows
the results from several Earth crbit spacecraft studies, the power
requirements developed and the systems as defined. These results
were used to evaluate alternate electrical power systems for the

interim space station.

NASA has to date maintained parallel technical development on
a number of systems that could supply electrical power from that
required for the unmanned planetary spacecraft to the Space Station
and eventually the Space Base. Each of the systems is an arrangement
of several subsystems. T.ae two primary subsystems are the energy
source and the power conversion; however each system also includes
power conditioning and power distribution subsystems. Table B-2
shows the major electrical systems which are under development.
These are categorized by energy socrce and power conversion, an.! an
indication is given for each of their approximate operating power

output range.

Solar cells are technologically available with the 2400 square
feet of panels scheduled to fly on Skylab I. This solar array can
produce over 20 kilowatts in direct sunlight and it is configured to
supply kilowatts continuoucly in Earth orbit, with its battery backup.
Fuel cells are also technically ready, haviuz flown on Gemini and
Apollo. Of the nuclear systems the isotope Brayton system appears to
be the most advanced technically, and it is expected to be operational
first, then followed by the SNAP-8 reactor systems. One NASA estimate
of the power capability an-’' availability is given in Figure B-1,

Ref. B-1.

Characteristic weights and areas for various candidate nuclear

power source systems hav. :2en estimated by Lew!s Pesearch Center, Ref.B-2

and t*h.c:2 are given in Table B-3 fcr - 8 o' crating ccnditions.
Note the vide ramze of sys em wr. - quivalent power output of
the nuclear reactor systerms 3 largely from variations

in spacecraft arrangements, *.. .s..ux sssumptions, and reactor location.
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Table B-1
TYPICAL EARTH ORBIT POWER REQUIREMENTS (WATTS)
SNAP-8 Large
Single Thermoelectric  Space
Launch for Station
Space Space Power MORL AAP
Title Station Station Systems Study Capability
Crew Size 6-9 6-9 9 6-9 3
Study Contractor Boeing NAR (AI) TRW Douglas NASA
Reference B-3. B-4. B-5. B-6. B-7.
Study Date Oct. 1967 Sept. 1969 Oct.1968 Jan. 1966 Aug. 1969
Lighting 1400 1063-268 OwWsS 1300
1300
Instrumentation 2000 760-311 AM 1000
Communication 1000-3000 MDA 200
and Data 560-1100 1900 1650-787
CSM 1100
Stability and
Attitude Control 690 600 609-181 ATM 2650
Crew Systems 670
Life Support 5000-7000
Thermal/ 1000 9000 3251~2735
Environment 1200
Experiments 1000-4000 2000 5700 3000
Maintenance Check-
out, Repair 1000
Airlock/MDA 1000-2000
CSM (Quiescent)
each 1000--2000
Docked Remote 3148-827
Modules 1000-3000
Subtotal 5400-9000 15600-26100 18500 13481-8409 6250
Contingency - 1600-260L0 1500 1300 930
TOTAL 5400-9000 17200-2870" 20000 14781-9709 7180
(avg) (peak) (low) (high) (nom) (peak) (avg)
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Table B-2

CANDIDATE POWER SYSTEMS FOR SPACE STATIONS

Energy Sources
Nuclear
Reactor Radio-
(SNAP-8) isotope Sun Chemical
up to
Thermoelectric 25 K"e
up to up to
Brayton 100 KW % 15 KW_
. 35-50 Kw
Mercury Rankine (SNAP-8 Sys)
up to
Solar Cells 50 KW
e
t
Fuel Cells up_*o

g 20 Kwe
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Table B-3
NUCLEAR SOURCE POWER SYSTEM CHARACTERISTICS

System Radiator
Electric Weight Are.
Reactor Power (Shielded) 450°R Sink
Condition Ko 1bs _Fr2_
Mercury Rankine ggo . 25 50,000 - 1150
- 130,000
-]
sercury Rankine ot 55 1850
t
1100° F
Mercury Rankine 600 Kwt 25 2000
"Benig‘n"
-]
Thermoelectric }ggomF 25 1900
N t
1100° F
Thermoelectric 600 Kwt 25 3200
"Benign"
1300° F
Brayton 25 1600
110 Kwt
1300° F
Brayton - 105 6500
600 Kwt
ii00° F
Brayton 600 Kw 100 10000
"Benig&"
Isotope Brayton 100 Kwt 25 13,000 1500
Array
Solar Cells 25 22,000 7400

Area




The fuel cell being a chemical system, its weight is more than
just a function of power level. For each kilowatt-hour of energy
supplied, it reocuires a total of about one pound of hydrogen and
oxygen reactants. The fuel cell system weight, then, is sensitive
to mission duration and/or resupply period. Figure B-2 shows how
fuel cell weight varies as a function of resupply period and power
output. Weight for other candidate systems is also shown for
comparison. The technology readiness date for all systems is assumed to
be 2975. The graph shows that mission or resupply periods of less
than 30 days are required before the fuel cells look better than the

other systems on only a weight basis.
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APPENDIX C
PCM/PM TELEMETRY DATA TRANSMISSION LINK

Table C-1 tabulates those elements which contribute to or effect
the telemetry downlink performance. In addition there is given the
electronic characteristics of the telemetry equipment and facilities
as used. It has been postulated that the high data rate link telemetry
transmitter and antenna on the DWS should be comparable to those
employed aboard the CSM for high data rate telemetry. The electronic
characteristics given in Table C-1 are for a PCM/PM link. A PCM/FM link
could have been evaluated, but its results would have been similar and
it would have very comparable performance. The PM transmitter capability
is 11.5 watts at high power, and was used in this calculation. Its
low power rating is 3.24 watts. The spacecraft S-band high-gain antenna
was assumed to be used in the wide beamwidth mode for maximum gain
and coverage. The MSFN ground network consists of 30 and 85 feet
diameter antenna insta lations, both of which would be used when avail-
able; however, for this analysis only the 30 foot disk is considered.
The 30 foot antenna has better-low angle coverage, and it privides
greater acquisition range and time over . site than does the 8% foot
antenna. However, because of its smaller gain, the 30 foot dish in the
link is the condition to verify.

The free space loss is based on 1500 NM range which is about the
maximum for the mission orbits selected. It has been assumed that the
carrier lockon occurs at zero degrees elevation, and that data transmission
would commence and teruinate at elevation angles of 5° above the horizon.
The system noise temperature was based on the cooled parametric amplifief
receivers at 5° elevation, which are available at most of the MSFN sites.
A tracking bandwidth between 50 and 700 Hz can be used, but to be
conservative a 700 Hz was assumed. In order to assess error rate
performance, it was assumed that multiple signals are precluded for these
wideband channels. Thus no _.lowance is necessary for degradation due to
interchannel interference. The equipment characteristics and operating
procedures were obtained from data and information contained in
Refs. C~1 to C-4.



Table C-1
SPACECRAFT TO MSFN TELEMETRY POWER BUDGET

Transmitter power (11.5 w) 10.6 db
Transmitter antenna gain 8.7
Transmitter and pointing loss - 5,0
Receiver antenna gain (30') 44.0
Free space loss (2300 MHz, 1500 nm) -168.3
Received power -110.0 db
Carrier
Modulation loss (A¢ = 1.1 radian) - 7. db
Carrier power -117.
N, (T = 126 °K) -207.6
Carrier noise bandwidth (700 Hz) 28.5
Noise power -179.1
Carrier to noise ratio 62.1
Required for carrier tracking 12,
Carrier margin 5.1 db
Data
Modulation loss (A¢ = 1.1 radian) - 1.0 db
Signal power -111.
Required ST/N_ (BT=1, PCM/PM, Pe - 107%) 14.
Mechanization loss - 2.
Data rate (20 mbps) 73
N, (T = 126 °K) -207.6
Threshold signal ~118.6

Data Channel margin 7.6
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A wargin of performance is necessary in communications channels
due t» possible equipment degradations. A margin of 3 db is a typical
allowance for well defined links and due to the extensive experience in
telemetry designs for Earth orbital applications, should be sufficieit¢
tolerance for this link. As can be seen from Table C-1, the carrier
margin of 50.1 db and data channel margin of 7.6 db are greater than the
necessary 3 db and therefore this link would perform adequately even under
degraded conditions. The minimum transmitter power condition would be
that which reduces the data channel margin to 3 db. Thus a power of 6 db
(10.6 db minus 4.6 db), or 4 watts, is necessary for these wideband links.
Table C-1 shows that a transmitter power of 11.5 watts is in excess of
that required by the wideband channel and that additional system degradation
could be tolerated and still maintain satisfactory performance under

the assumed conditions.
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APPENDIX D
MSFN RECEIVER COVEFaGE

Figure D-1 shows the global locations of the ground installations
of the MSFN, Ref. D-1. The coverage for these stations is also shown for
a representative orbital altitude of 200 nm. At 245 nm, the postulated
altitude of the interim lab, the radius of coverage would be about 10
percent greater. .ote that the £5 foot dishes are mounted in such a way
that their low angle blind zone, keyhole, lies East-West, while for the
30 foot dishes it lies North-South, This keyhole axis keyhole gives a
better low angle coverage by the smaller dishes in support of lower
*aclination orbits, Ref. D-2.

Also shown in Figure D-1 are two ground traces for a 26.5° inclina-
tion csbit. The initial launch trajectory labeled "L" is repeatedly in
view of a MSFN ground station. As the orbit regresses the spacecraft
continues to pass over at least four such sites each orbit. The worst
situation occurs after approximately 24 orbits (trace labeled "W'") when
coverage is at a minimun. At this time, only the Canary Islands (Cy I)
station affords adequate coverage, and with brief contact indicated for
Guam (GWM) and Madrid (MAD). This worst case situation could be remedied
by relocation of the tracking ship USNS Vanguard, perhaps more near the
Equator. It is stationed as shown on Figure D-~1 for launch and orbital

insertion coverage.

The higher inclination orbit (50°) displays a similar situatiocn in
regards to coverage. As shown in Figure D-2, for this inclination, the
worst coverage (W) occurs with only marginal contact with Hawaii (HAW),
Ascension Islands (ACN) and Santiago (SAN) i{f available. Again soue
supplementary coverage would be desired. For either of the mission
inclinations, the availability of at least one MSFN site per orbit for
data transmission is a consei-.:tive estimate. In practice several sites

will be overflown for most orbits.

Most of the MSFN stations have dual receivers as is indicated in

Table D-1. Thus chese stations are capable of reception of four separate
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Table D-1
EQUIPMENT SYSTEMS LOCATED AT MSFN STATIONS

T U3 An- ' R P
[ ;cuna for VHF Antenna !
F TLM. up- for TLM & . SPAN
System | ¢ata, Track-|] Tracking o
.az. Voree, = |
; R&RR = E i
& = !
2 o] w )2
S| e - o I 21 .
& |3 & <1z ol 3
P = © ] = =3
| “le [2 ] = sz |z a2l 2
| i o Slz o8 elel2ld. (3|8
Facility = ’ g % i < ‘z D= ! EJ) é % 8 = :_‘i ‘\ i =3
2iZlo |ajlrlsla, 2z, @ =la(Sl=15 =miz|®
> | & = [ ~| R \ o 2 = A2 =
1 ' ' ! < . i g = E o o =, = = = e L
slale lalo] sl ERES olz|2:¢ B &|3
218l |F|=|r 8|0 |EZ|B|E|S|la|= B 5|2
ACN L Ix X x| x X|x|x|x x
BDA v X X X x |x |[x[x[x|x[x x
HSK ix| 3 X X X
CRO X X XXX X{X|X{ 1X XX
\
vl | x x| x x | X X [x[x[x x;x'X
GDS X! XX X X X
GW. ' X x| | or'x|x x|x|x|[x|x ;
Gy X X[ x X | X[ 1 X X |
HAV/ X x| x X X[X X | XX X |
3AD X X X X X
MIL X X ¥ Ix A X ' X
SAN |
AN X X X
| TEX X X| X X | X XXX X
BYERRECI X [ X b X ;
VAN S ' X X[X[X X[X[X|X X

1Apollo TLM and CMD RSDP's (642 B).
3 ARJA does not have updata or R&RR capability.
3aPresgent configuration is 30' single station.

% ACN will have two separate 30' USB antennas and three
range and range rate systems by March, 1971,

®Non-coherent S-band between 2260 and 2300 MHz,

sPlanned to he operational by July 1, 1972,
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APPENDIX E
SPACECRAFT ORBIT MAINTENANCE

Consider that atmospheric drag has lowered the circular orbit
altitude an amount Ar, and that a coplanar Hohmann transfer is made
from the decayed orbit of radius r-Ar back to the original orbit of
radius r. The following calculates the velocity impulse required.

Let AV, = impulse on orbit of radius r-Ar to raise orb.t

AV2 = impulse on orbit of radius r to circularize
1/2 1/2
vy =l Ar Ar) r-Ar
-

n 2 1 1/2 p/r 1/2

r 2r r

but for %« 1 we get

1/2 1/2
={ 1 ar,  _ Ar - Ar
av, ={ r[2(1+ . (1+2r]} [%(1+ r)]

then

av, = Je [/1+3 Ar f1+9—"]
r 2 r T

again 1f A—:« 1
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2r

and
1/2
r
av, /B Ar

2 r E

Therefore the total required impulse is

AV = AV1 + AV,

av = A Ar/x
r 2

where

Vc = 'A;T = circular velocity at radius r

VC
Av =5

nl%

but for Ar small we can write

Ar

"t

14
P

-
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APPENDIX F
LOGISTIC SPACECRAFT WEIGHTS

The detailed logistic spacecraft weights for both the stowed
items and the fixed items as they wcie used for this report are
given in this section. Tables F~1 and F-2 give the weights for the
three-men and four-men versious of the Apollo command and service
modules respectively. Tables F-3 and F-4 list the weights for the

launch vehicle adapter and for the launch escape syctem.
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Table F-3
LAUNCH VEHICLE ADAPTER WEIGHT SUMMARY

Saturn IV-B
Structure 4095 1bs
Electrical Power System __60
Total 4155
Titan III-M
Structure 4940 1bs
Electrical Power System 60

Total 5000



Table F-4
APOLLO LAUNCH ESCAPE SYSTEM WEIGHT SUMMARY

Structure 2445 1bs,
Electrical Power System 65
Propulsion System 2270
Propellants 3200
Q-Ball 25
Ballast 1240
Total 9245

NASA--ARC- Coml., Cajif.



